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20. \Abstract

Select chemicals of interest to the Air Force and identified as man made
environmental contaminants have been found to neoplastically transform human
cells in vitro. Benzo(a)pyrene one of these compounds of interest, exhibits
unique features of movement from the extracellular environment to the nucleus of
the cell. B[a]P is transported into human foreskin fibroblasts from the plasma
membrane to the nucleus by binding as the unmetabolized parent B(a)P. B[alP
forms a low binding association with a lipoprotein complex in the cytoplasm that
has a MW of 12,500. The B[a]P following penetration into the nucleus is then
oxygenated to various metabolites. Benzo pyrene-diol-epoxide-I has been

identified as a metabolite in the nucleus that interacts with deoxy-Guanine to
form a DNA adduct, 7R-BPDE-I-dG. .

We then used another hydrocarbon 1,2,3,4-ietrahydro-7,12-dimethyl benz(a)
anthracene to induced carcinogenesis in human cells. To date we have no evidence
for extracellular or intracellular metabolism of this compound under conditions
for transformation. We conclude tentatively that this data suggests that there

is an alternate requirement for polynuclear hydrocarbon induced carcinogenesis
in human cells compared to rodent celis.
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The experiments reported herein were conducted according to the
principles described in '"Guide for the Care and Use of Laboratory
Animals" prepared for the Committee on Care and Use of Laboratory
Animals, DHEW Publication No. (NIH) 78-23, revised 1928. .

Hernge & //«/4 ’

‘George E. Milo Ph,D.
Comprehensive Cancer Center

i14

FALOBWING el blaiK=NT Fi




TABLE OF CONTENTS
Deseription Page
i) Work Seope 1980-81 1
ii)  Progress on Work Scope 1980-8l....cccccennaseensene 1

iii)  Principal Collaborative Efforts with
Other National Laboratories...eceeesseessresscross 3

iv)  Papers Published in 1980
Sponsored by A.F.0.5..R . 5

v)  Papers to be Published in

1981 Sponsored by A.F.0.S.R 6

vi) Scientific Presentations FY=-30.c.cccccorrsncnseccne 7

vii) Attachments 9
v

| & blamk=W0T FL

jrbobwieg be

& -




i) Work 1980-1981

a)  To investigate how UDMH, HZ and/or BP are transported to the cell nucleus

b)  To investigate changes in DNA directed DNA polymerase I and II aetivity
following treatment with UDMH, HZ and/or BP

¢) To examine changes in histone labeling patterns during the early and late
stages of the carcinogenic process following exposure to UDMH or BP

d)  To investigate the interaction of HZ and BP metabolites with DNA during the
indueticn process and correlate this with the metabolie profiles in the activation

stage

e)  To develop a predictable and reliable procedure using human cells in vitro to
evaluate the carcinogenic potential of chemicals of interest to the air Torce

ii)  Progress 1980-1981

We found that BP was transported to the nucleus as the parent BP via a
cytoplasmic protein complex. This cytoplasmic complex had a molecular weight of
12,500 MW, Tejwani et al. 1980. Analysis of the intracellular distribution and binding of
benzo(a)pyrene in human diploid fibroblasts, was expected in Cancer Lettters 10:57-65.
Since these experiments were completed we have isolated the complex and separated the
12,500 MW complex into subfractions on a potassium bromide gradient, (p, 1.006-1.279) at
200,000 x g for 24 hrs. In excess of 30% of the recovered radiolabel was associated with
low density lipoprotein (p, 1.073) and 25% of the radiolabel was associated with high
density lipoprotein fraction (p 1.125), (Fed Amer. Soe. of Exp Biology 40, 1577, 198]).

The penetration of the BP into the nucleus required energy and the transport across
the nuclear membrane is temperature dependent. When the temperature of the cultures
is dropped from 37°C to 49C BP is not found in the nucleus. Isolation of the nuclei from
the BP treated cells incubated at 40C revealed that no radiolabel was present in the
nuclei. Under conditions for transformation we found that BP localized in the nucleus
was oxygenated and 7,8,9/10 ene diol Benzo(a)Pyrene anti form of the Benzo Pyrene ene
diol epoxide (BPDE-I) was produced. It appears as though the BP is oxygenated in the
nucleus possibly in the chromatin area. (Submitted to Carcinogenesis 1981).

Treatment of the cells with BPDE-I under conditions for transformation resulted in
a transformed phenotype. DNA-adduct analysis of the BPDE-I interaction with the DNA
of transformable and non-transformable cells (Collaborative studies with Dr. Alan
Jeffery Comp. Cancer Center Columbia College of Physicians and Surgeons, N.Y., N.Y.)
illustrated that the TR-BPDEI-dG in the transformable cells was the only adduct that
change in quantity, i.e. the amount of TR-BPDEI-dG decreased 80% in the non-
transformable populations.

When we examined the transformable and non-transformable populations treated
with BP the nuclear base-adduct that changed in the non-transformabie cells was the 7R-
BPDEI-dG adduct. In a recent series of experiments we added BP to confluent dense
cultures and observe that greater than 40% of the BP in the extracellular medium was
metabolized to oxygenated metabolites. However, there was no radiolabel found in the
nuclei of these cultures. These cultures could not be transformed following BP
treatmersit nor were there any oxygenated metabolites found in the nuclei of these

treated cultures, (Tejwani and Milo, Cancer Res. 1981 In Press).
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To examine the involvement of particular rings of the polynuclear hydrocarbons;
the lipophilicity of the active carcinogen was examined; we decided to look at 7,12~
dimethylbenzanthracene as a prospective candidate because of the arrangement of the

WQ Js
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Reduction of the A ring left the dimethyl anthracene nucleus as the unconjugated

il

ANLAIAELn L

This compound when applied to human cells was non-carcinogenic to very weakly
carcinogenic. With a reduced hexene ring then the compound appears as the following
structure:

1,2,3,4-tetrahydro-7,12-dimethyl benz(a)anthracene, (THDMBA).
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The THDMBA treated cells had a transformation index of 168; 7,12 DMBA treated cells
had a transformation index of 0; BP treated cells had a transformation index of 1; 9,10-
dimethyl cyclo penteno a anthracene treated cells had a transformation index of 23.
The transformation index was calculated as the number of colonies containing 50 cells or
more per colony per 105 cells seeded into 0.33% agar in a 25 em2 well, (Tejwani et al.,
Cancer Letters 13, 119-127, 1981). The saturation of the A ring in the DMBA prevented the
DMBA from being oxygenated in the bay region or K-region. These are the reported
regions for epoxides to be formed that lead to the penultimate forms of oxygenated
polynuclear hydrocarbon carcinogenie metabolites.

We have recently had synthesized through NCI the radiolabeled derivatives of the

tetrahydro form. We plan to examine the profile of possible metabolites by high
performance liquid chromatography.

iii) Principal Experiments in Progress with Other National Laboratories

We are presently concluding work with Dr. Fred Kadlubar at the National Center
for Toxicological research on the activity of the amines and their deterivatives on the
interaction of the amines and DNA. Another collaboration that will bear fruition
presently will be our work with Dr. Alien Jefferies at the College of Physicians and
Surgeons Comprehensive Cancer Center at Columbia University. We are examining the
relationship between chemical carcinogen induction and adduet formation. OQur work
with Dr. Donald Witiak is beginning to bear results. We are assisting his laboratory in
two ways. First, we are studying the relationship between the hydrazine compounds and
derivatives with the induction of carcinogenesis and adduet formation. Secondly, we are
using the radiolabelled hydrazine carcinogens in our system to study the events that
occur during the expression phase of carcinogenesis. This is being accomplish by
studying the interaction of the hydrazines with the acid soluble histone and non-histone
nuclear proteins. We have concluded the radiolabeling studies and are finishing up the
studies designed to quantitate the changes in histones during the early and transitional
stages of the carcinogenesis processs.

The work with Dr. Kadlubar on aromatic amines has been accepted for publication
in Carcinogenesis, (1981). We have completed the evaluation of the neoplastic potential
of the transformed cells on the chick embryonic skin system as a suitable substitute for
the mouse. This work has been accepted for publication in In Vitro, (1981). We have
completed the transformation of human skin epithelial cells and the manuseript is in
Press, (Cancer Res 1981).

We are continuing to work on the interactions of HZ and UDMH and BP with the
cell nucleus. Both in collaboration with Dr. Witiak and Dr. Trewyn. (Objective f-1981).
Dr. Tomei is working on the Promoters and sensitizers and the effect they have on the
preinduction process. (Objective g-1981). His report is as follows.

V] Human foreskin fibroblasts were determined to be resistant to mitogenic
stimulation by animal tumor promoting phorbol esters following cell cyele arrest by
amino acid deprivation, serum deprivation, and diminished Ca** concentrations. These
results are in contrast to results obtained and reported by Tomei et al (1980, 198la, 1981b)
using the murine embryonic fibroblast C3H-10T1/2. These findings are inconsistent with
the coneept of skin tumor promotion based upon animal data.
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2)  Human foreskin epithelial cells were studied with respect to responses to

putative tumor promoting phorbol esters.

a. Cell eycle activation following arrest in both serum deficient and
nutrient deficient media was not observed. Increased nuclear labeling could,
however, be induced when 3H-thymidine specific activities exceeded 35 Ci/mmole.
It was observed that this labeling (autoradiography) approached 50-90% of the cells
after 24 hrs treatment and was markedly uniform with respect to grain number.
Furthermore, it was observed that regions of heavy cornification had diminished
grain counts. It suggested two critical modifications of future experimental
protocols; 3H-thymidine specific activities be kept below 10 Ci/mmole and
blockade of radiocactive missions be prevented by keratin removal prior to
preparation of autoradiography. In subsequent experiments using low specific
activity SH-thymidine and epithelial cells stripped of overlaying keratin, TPA was
not observed to be mitogenic. This was confirmed using another non-phorbol mouse
tumor promoter, benzoyl peroxide.

b. Mouse tumor promoting phorbol ester, TPA, was observed to have a
profound effect on patterns of cornification in normal epithelial islets. Short term
experiments (24-72 hr exposure) revealed that TPA enhanced keratinization
determined by both Mallory histological staining and epifluorescence obtained with
rhodanile blue (see below). This was in marked contrast to long term experiments
(5-15 days) which revealed that large, uniform islets developed having markedly
diminished total keratin as determined by histological staining.

Conclusions based upon these observations are consistent with the concept
that tumor promoters act on regulatory processses modifying the patterns of cell
differentiation. It is believed that basal cells are inhibited from progressing
through keratinization, whereas, cells that have progressed beyond an initial
commitment stage are accelerated through to maturation and release into a
cornified upper stratum. This is believed to be related to modulation of
carcinogenic transformation as described previously by Milo and co-workers and
the possible relationships are being investigated.

c. Epifluorescent determination of keratinization of substantially
improved reliability was developed. Using the stain rhodanile blue (RB) which
stains glycoproteins, proteins and cytoskeletal components, it was found that water
elution produced marked variations in staining densities and characteristics
between culture dishes. This has been discussed by others as a serious shortcoming
of their stain. However, it was found that methanol elution of cells stained with
1% RB in water resulted in the visible loss of approximately 90% of the staining
density. Since it was known that RB absorbed strongly in the green light region and
had an extremely strong red fluorescence, the methanol eluted cells were examined
using epifluorescence techniques by exciting the cells with green light and
observing fluorescent emission in the red region.

It was found that cytoskeletal components were strongly fluorescent,
whereas, cytoplasmie and nuclear fluorescence was markedly diminished. Since a
major component of the cytoskeleton in human skin epithelial cells is keratin,
results were compared with results obtained with fluorescent antibody techniques
using rabbit anti keratin and fluorescene coupled goat anti-rabbit sera. Thus far,
these techniques have revealed that basal layers of epithelial cells have substantial
variations in keratin levels and cytoplasmic organization. Furthermore, these
variations are not uniform but rather form clusters implying local cellular
regulation (see Tomei, J. Theoretical Biol. in press).
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Investigation in progress:

(I)  Cell cyele effects of tumor promoters in skin fibroblasts are being examined
following Gj "staging" (i.e. pretreatment of cells with peptide hormones, steroid
hormones, and antioxidants during serum deprivation stage of Gy blockade).

(2) It is suspected that lung fibroblasts (human embryonic) will have distinetly
different responses to phorbol esters, presumably involving cell cycle activation
without a requirement for pretreatment.

(3)  Another marker of tumor promoter activity has been related to induetion of
trypsin resistant adhesion. Using 3H-fucose (a 5 carbon carbohydrate), prelabelled
cells, it has thus far been found that TPA inhibits incorporation of the radiolabel
3H from the medium into the eytoskeleton by 15-25% over 48 hrs in the absence of
glucose in the extracellular medium.

We are currently examining the ability of TPA to increase the fraction of
detergent-resistant 3H-fucose containing glycoproteins. It is known that TPA
substantially increased the resistance of skin fibroblasts to triton X-100 disruption.

Further experiments are in progress to determine responses of lung-derived
fibroblasts obtained from primary human mammary and mammary tumor cultures.

(4) Collaborative efforts are underway with Dr. Ernest Kuhn (U.C.S.F.) to
determine poly ADP ribose polymerase activities in skin and lung fibroblasts
and the effects of pretreatment with mouse tumor promoting phorbol esters,
non-phorbol esters and anti-oxidant agents.

Objective H

We have several papers in preparation on metabolite formation by skin fibroblast

and skin epithelial cells, see enclosed manuscripts. This work is continuing. We have
completed radiolabeling synthesis of the reduced A ring 7,12-DMBA and we are presently
investigating its possible metabolite profile using the radiolabelled compound.
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Papers Published in 1980 Sponsored by A.F.O.S.R.

1 G. Milo, R. Olsen, S. Weisbrode, and J. MeCloskey (1980) Feline sarcoma virus
induced in vitro progression from premalignant to neoplastic transformation
of human diploid cells, In Vitro. 16:813-822.

2. G. Milo, S. Weisbrode, R. Zimmerman and J. McCloskey. (1981) Ultraviolet
radiation induced neoplastic transformation of normal human cells in vitro.
Chem. Biol. Int. 45-59.

3.  G. Milo and J. DiPaolo (1980) Presensitization of human cells with extrinsic
signals to induce chemical carcinogenesis. Internat. J. of Cancer. 26, 805-
812.

4.  Milo, G.,, G. A. Ackerman, and . Noyes, 1980. Growth and ultrastructural
characterization of proliferating keratinocytes in vitro without added
extrinsic factors. In Vitro 12:20-30.

5




Tejwani, R., S. Nesnow and G. Milo 1980. Analysis of intracellular
distribution and finding of benzo(alpyrene in human diploid fibroblasts.
Cancer Letters, 10:57-65.

Noyes, L., G. Milo and C. Cunningham, 1980. Establishment of proliferating
human epithelial cells in vitro from cell suspensions of neonatal foreskin.
Tissue Culture Assoc. Lab. Manual 5:1173-1176.

Milo, G., and J. Di Paolo, 1980. Presensitization of human cells with extrinsic
signals to induce chemical carcinogenesis. Int. J. of Cancer. 26:805-812.

Milo, G., R. Trewyn, R. Tejwani, and J. Oldham, 1980. Intertissue variation in
benzo(a)pyrene metabolism by human skin, lung and liver, in vitro. Advisory
group for aerospace research and development. NATO. Toxic Hazards in
Aviation. B7-1to B7-9.

Papers to be Published in 1981 Sponsored by AFOSR

L

8.

Milo, G., S. Weisbrode, R. Zimmerman, and J. A. McCloskey, 198l
Ultraviolet radiation induced neoplastic transformation of normal human
cells. Chem. Biol. Int. 36:43-49.

Milo, G., . Noyes, and J. Donohoe, and S. Weisbrode, 198l. Neoplastic
transformation of human epithelial cells in vitro after chemical carcinogen
treatment. Cancer Res. In Press.

Milo, G., J. Oldham, R. Zimmerman, G. Hatch, and S. Weisbrode, 1981.
Characterization of human cells transformed by chemical and physical
carcinogens, in vitro. In Vitro, In Press.

Tejwani, R., Witiak, D., Inbasekaran, N., Cazer, F., and G. Milo, 198l
Characteristics of benzo(a)pyrene and A-ring reduced 7,12-DMBA induced
neoplastic transformation of human cells in vitro. Cancer Letters 13:19-127.

Tejwani, R., Trewyn, R., and G. Milo, 198l. Kinetics of movement of
Benzo(a)pyrene into transformable and non-transformable human diploid
fibroblasts. Symposium on polynuclear aromatic hydrocarbons. Batttelle
Memorial [nst. Vth ed. 97-107.

Tejwani, R., Jeffrey, A., and G. Milo, 198l. Benzo(a)pyrene diol epoxide DNA
adduct formation in transformable and non-transformable human foreskin
fibroblast cells in vitro. Carcinogenesis. Submitted.

Tejwani, R., and G. Milo. 1981 Metabolism of benzo(a)pvrene in transformabie
and non-transformable human skin fibroblast cells. Cancer Res. Submitted.

Donghoe, J., Noyes, [, Milo, G., and S. Weisbrode, 198l. A comparison of
expression of anchorage independent growth with neoplasia carcinogen
transformed human fibroblast in nude mouse and chick embryonic skin in
vitro. In Vitro. In Pres..

Cazer, F., Inbasekaran, N., Loper, J., Tejwani, R., Witiak, D., and G. Milo,
1981. Human cell neoplastic transformation with benzo(a)pyrene and A-Bay
region reduced analogued of 7,12-dimethylbenz(a)-anthracene. Symposium on

polynueciear hydrocarbons. Battelle Memorial Inst. Vth ed. 499-506.

-
e}

— , _——




Presentations, Abstracts - FY - 1980

June 1980

June 1980

Sept. 1980
Sept. 1980

Tissue Culture Assoc., St. Louis, Missouri. Establishment of human lung
epithelial cells in vitro.

Amer. Soc. Biol. Chemistry BP metabolism by transformable human
skin fibroblasts.

NATO International Toxicology Symposium Toronto, Ontario.

Battelle Memorial Inst. Polynuclear Hydrocarbon Symposium. Kineties
of Movement of BP into the nucleus of transformable cells.




ATTACHMENTS

bntobuieo bed bleuKehOT F1MED




AGARD-CP-309

AGARD-CP-309

AGARD CONFERENCE PROCEEDINGS No. 309

Toxic Hazards in Aviation

DISTRIBUTION AND AVAILABILITY

-— - ———e e e w s




INTERTISSUE VARIATION IN BENZO(a)PYRENE METABOLISM
BY HUMAN SKIN, LUNG AND LIVER IN VITRO

George €. Mi10,1+2 Ronald W, Trewyn,l.2
Raman Tejwani,! James W. Oldham,l and William H.J. Douglasd

1pepartment of Phystological Chemistry
333 W. 10th Avenue and
2Comprehensive Cancer Center
1580 Cannon Orive
The Ohio State University
Columbys, Ohio 43210
3pepartment of Anatomy
Tufts University
Boston, MA 02111

Running Title: Human Cell B(a)P Metabolism

SUMMARY
B8enzo(a)pyrene (B{a)P], an environmental carcinogen, has been shown to transform human skin
fibrobiasts in vitro. This fossil fuel combustion product and other polynuclear hydrocarbons have
exhibited a requirement to be biotransformed to their uitimate carcinogenic forms to induce
transformation. B(a)P diol-epoxides are the most cited candidates as uitimate carcinogens.

W“hen proliferating skin epithelial cells (Phase 1II type cells) were treated with “H-8(a)P, 83%
was extractable into the organic phase as 8(a)P while in the non-proliferating cells 61% occured as the
parent B(a)P. Human Lung epithelial cells and liver hepatocytes were also treated with 3H-3(a)P and
the metabolites analyzed by HPLC. Patterns of metabolism of 8(a)P by these cell populations were
dissimilar to those for skin epithelial cells., In lung and liver only 9.2-21.1% remained as
unmetabolized 8(a)P in the non-proliferating cells, whereas 26.4% remained as B(a)P in the
proliferating lung cells.

Proliferating low passage human skin fibroblasts were treated for 24 hours with 3H-B(a)P after
which the metaboliites were removed from the growth medium with ethyl acetate. Amalysis of the organic
pnase by HPLC demonstrated that 8(a)P-tetrols (diol epoxides), B(a)P-diols and 8(a)P-phenols
represented a small portion (2% ea.) of the metabolites.

Our resylts suggest that either the ultimate form of the carcinogen is different for fibroblasts
and epithelial cells or the quantitative generation of hydroxylated metabolites is not required for
neoplastic transformation in fibroblast ceils., If hydroxylation is required, then the site of
nydroxylation may be the significant factor. Present evidence suggests that in B(a)P treated
fibroblasts the activation of B(a)P in the cell takes place other than the microsomal P450 complex,
presumably in the nucleus. In epitheiial cells from primary target tissues, the microsomal P450
complex may play a more predominant role in the carcinogenesis process compared to the fibroblast
nicrosomal complex.

ABBREVIATIONS '
8(a)P-Benzo(a)Pyrene; MEM-minimum essential medium-Eagle; FBS-fetal bovine serum;
LG -8 (a)P-tritium-1abeled benzo(a)pyrene; Ci-curie; BHT-butylated hydroxytoluene; HPLC-high

performance 1iquid chromatography POL-population doubling; NFS-neocnatal foreskin; HEL-human embryonic
Yung

INTRODUCTIGN

The metabolism of the environmental carcinogen benzo(a) pyrene [8(a)P] occurs in animal tissues ’
through several pathways intended for detoxification, i.e. the mixed function oxidases or by !
conjugation with polar groups either sulfates, glucuronic acid or glutathione. These pathways yield a
nixture of organic and water soluble metabolites, many of which have been implicatad as ultimate
carcinogenic forms of B8(a)P (1-6).

Among the primary target tissues of 8(a)P-induced carcinogenesis are the skin, lung and liver,
either due to direct exposure (skin, lung) or due to an ultimate role in detoxification (1iver).
Metabolite profiles of B(a)P produced by cells in culture originating from any of these organs would be
very informative. Since most cancers are of epithelial origin (carcinomas), the metabolism of B(a)P by
epithelial calls placed in culture from these target organs would be of gantcuhr interest.

B(a)P metabolism studies are available for several rodent species (7-10). Oue to the concarn over
numan exposure, however, B(a)P metabolite profiles from human cells would be more desirable
(11,12,13,14).  In this report, we describe the in vitro biotransformation of 8(a)P by human epidermis,
peripheral lung epithelial celis and liver parenchymal cells in vitro. We compared also the B(a)P
netabolite profiles of human enith=li:1 colle with humsn °! A
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MATERIALS AND METHODS
MATERIAI

(G=3H] 8(a)P (19 Ct/mmole) wds purchased from Amersham Searls, Arlington Heignts, IL. Synthetic
8(a)P metabolite standards wers recgived through the Chemical and Physical Carcinogenesis Branch,
National Cancer Institute, Sethesda, MO.

Eagle's Mininum Essential Medium (MEM) containing 25 oM Hepes buffer was purchased from Grand
Island 8iological Ca., Grand [sland, NY. MEM-25 mM Hepes at pi 7.2 was supplemented with sodium
pyruvate (1.0 m¥), glutamine (2.0 nM), nonessantial amino actds (1X) and vitamins (iX) (15). All of
these supplements were obtained from M.A. Bioproducts, 4alkersville, MD). The MEM also contained
sodium bicarbonate (0.23) and gentamycin (5ug/m}).

Fetal bovine serum (FBS) was purchased from Reheis Chemical Co., Kankakee, {L. Collagenase was
obtained from Worthington Biochemical Corp., Vineland, NJ, Instagel scintillation cocktail from Packarg
Instrument Co., Downers Grove, [L, and methanol (MCB OmniSolv) for HPLC from Curtin Matheson
Scientific, [nc., Cleveland, OH.

METHODS

Prima;x Skin Epithelial (_;%H Cultures
rimary cultures o man neonatal foreskin epithelial cells were estabiished as described

previously (16-18). This methoa involves an initial digestion of the tissue with collagenase (16},
followed by selective detachment of fibroblasts with trypsin after the primary culture was estaplisned
(17,18).

Primary Luna Epithelial Cell Cu\tug.s
uman fetal lung tissue obtained from William J. Oouglas (Tufts University) was enzymatically

dispersed for 4 hours with 0.25% collagenase in MEM suppiementad with 20% FBS. The digestions were
done at 37 C in a 4% CO2 enriched air environment. The cells were centrifuged at 650 x g for 10
minutes, washed with MEM, and r:iuspondod in MEM containing 20% FBS. The cells were then seedad it a
concentration of 20,000 cells/cme. After 2 hours, the residual lung calls in suspension were
removed, and the ceils attached to the substratum were fed with MEM containing 40% FBS.

The primary lung cell cultures contained less than 10% fibroblasts when the B(a)P metadolism
studies were undertaken. They were composed of mixtures of epithelial cell types. However, the major
portion of the population contained lamellar structures, tonofilaments, and desmosomes as deterwined Dy
electron micrsocopy. At this time, we have designated these cultures as mixed pertphers! lung
epithelial cell populations.

Primary Liver Parenchymal Cell Cultures
.;Jomul aduit human 1iver was obtained from the Tumor Procurement and Pathology Laboratory,

Comprehensive Cancer Center, Ohio State University. Liver from surgery was placed 1mmediately into
culture by a modification of the methad of Schaeffer and Xessler (19). The tissue was minced into 1 to
2 mm pieces and incubated at 37 C for 6 nours in the presence of 0.25% collagenase in MEM containing
20% FBS. Following the incubation, FBS was added to & final concentration of 50% and the parenchymal
cells were selectively pelleted by centrifugation at 650 x g for 3 minutes. The cells, were
resuspended tn MEM containing 20% FBS and insulin (0,5 U/ml}, and were seeded fnto 25 cml tissue
culture flasks at a concentration of 15,000 cells/cnz. Following a 4 hour attachment period at 37 C

in a 4% CO7 enriched air environment, the cultures were washed to remove dedbris. The cultures were

fed with N%H containing 20% FBS, and a confluent primary culture of parenchymal cells was obtained
within 72 hours. The cultures were comprised of greater than 95% liver parenchymal cells.

Primary Skin Fibroblast Cell Cyltures
Human neonatal foreskin (1broblasts were grown, serially subpassaged and treated with B(a)P as

desgribed previously (2).
£6-31] 8{a)P Treatment

reatment of cells with (G-3H] B(a)P (0.105uM at 1 mCi/ml, 19 Ci/mmole) was accompiished after
dissolving the compound ‘j‘n spectral grade acetone. The final solytions were added to MEM containing
10% FBS at 37°C. The (G-9H] B(a)P-containing medium (3.3 m1/25 flask) was used to feed the
cultures, after wnigh they were incubated at 37°C in a 4% CO2 enriched air environment (20). All
procedures with [G-9H] B(a)P were carried out under yellow lignt.

8(a)P Metabolite Extraction
wenty-four hours after the administration of radiolabeled B8(a)P, aliquots of the growth medium

were removed and partitioned with 3 volumes of ethyl acetate containing the antioxidant butylated
hydroxy toluene (BHT, 0.8 mg/ml). The phases were separated, and the organic phase was passed over
annydrous sodium sulfate, filtered, dried under argon, and stored at -20 C. The sample was dissolved
in 200ul methanol, and centrifuged at 12,000 x g for 2 minutes to remove particulate matter prior to
analysis by 1PLC.

HPLC Analysis

e solvent deliveary system consisted of a2 Beckman (S8eckman [nstryments, Inc., Irvine, CA) Mode)
322 M programmable HPLC with CRIA integrating printer plotter. The system was equipped with a Model
153 fixad-wavelength UV (254 nm) detector, and fractions were collected directly in scintillation
minivials with an LK Model 2112 fraction collector. The reversed phase column ytilized was ¢ 8eckman
Jltrasphere-00S (150 x 4.6 nm).

The column was equilibrated with 85% mathanol in water, and the flow rate was | mi/minute
throughout the analysis. A 20 y] sample was injectsd, and elution was initiated with a mobil phase of
85% methanol in water. After 30 seconds, the methanol concentration was increased to 100% over a
period of 1.5 minutes. Aliquots of 0.2 ml were collectad in each minivial and 2 ml of [nstagel
scintillation cocktail was added. Radioactivity was measured with a Beckman LS-9000 scintillation
counter. After complete elution of the hydrocarbons, the column was re-equilidbrated with 853 methanol
for 8 to 10 minutes. Authentic 8(a)P metabolite standards wers detected by UV absordance at 254 na,




RESULTS

Representative cuitures of human peripheral lung epithelial cells (HEL), skin epitheltal cells,
and liver parenchymal cells are shown in Figure 1. The lung (Figure 1A) and liver (Figure 1C) cells
attach to the substratum, and they will each grow to a conflyent monolayer. The skin epithelial cells
(Figure 18) have the additional capability of being able to grow in a vertically stratified layer. Ffor
our purposes, proliferating cell cultures are those that have sigatficant areas of the substratum
(usually 40-50%) not covered with cells, while non-proliferating cultures are confluent. The skin
apithelial cells exhibit vertical stratification under both circumstances. The proliferative states of
duplicate cyltures were vcs"ud dy JH-thymidine-labeling and sutoradiography (data not shown).

The conversion of [G-"H1B(a)P to water soluble metabolites by human epithelial cells derived
from lung, skin and liver is presented in Table 1. The cells from lung and 1iver generated
significantly greater amounts of the water soluble metabolites than the skin epithelial cells.

The ethyl acetate-soluble metabolites of 8 (a)P generated by proliferating HEL epithelial calls 1s
depicted in Fiqure 2. The HPLC data indicates that less than 303 of the organic-soluble material is
accountad for Dy the parent hydrocarbon 8(a)P. The major portion of the radicactivity (34.3%) was
localized under the B(a)P-tetrol peak. The relative distrib:tion of ethyl acetate-soludle metabolites
1$ summarized on line one of Table 2.

A significant difference in the HPLC matabolite profile of non-proliferating HEL epithealial ceils
can be seen in Figure 3. Although there is little difference in the amount of 8 (a)P-tetrols produced
b proliferating, (Figure 2} and non-proliferating (Figure 3) HEL cells, a major polar derivative peak
1s predominant in the latter. [n adgition, & B(a)P-dio]l peak in Figure J is almost non-existent. The
early eluting polar component produced by non-proliferating HEL cells is made up almost totally of
3(a)P sulfate conjugates because this peak is reduced greater than 80% by treatment with arylsylfatase
\d3ta not presented). Again, a summary of relative 8(a)P-metabolite production by the
non-proliferating HEL cells is presented in Table 2. There is a decrease in the amounts of both B(a)P
diols and phenols when compared to proliferating HEL cells, and more of the 8(a)P is metabolized.

Proliferating NFS epithelial cells metabolize much less B(a)P than HEL cells (Table 2). After 24
nours, 83.9% of the ethy! acetats-extractable hydrocarbon is the parent compound B8(a)P. None of the
3(a)}P-metabol ites account for more than 4.5% of the radiolabeled mterial.

Non-proliferating NFS epitheiial cells metabolize more than twice as much B(a)P than proliferating
NFS calls (Table 2). As with HEL cells, the major increase is in the synthesis of polar derivatives.
“he conflyent NFS culture gives rise to somewhat more B(a)P-tetrol, but there is little change in B(a)P
nols and phenols.

Profiles of 1ntraceliular distribution of B(a)P-metadolites (foreskin fibroblasts) revealed that a
najor portion of the B8(a)P remaing in its parent form, (21). Extracellular oxygenated metabolites
account for less than 10% of the added B8(a)P after 24 hour treatment, Figure 3. B(a)P-tetrois, diols
anc phenols accounted for less than 1% of the remaining metabolites.

Liver parenchymal cells actively metabolize B(a)P similar to HEL epithelial calls (Tadle 2).
21.1% oY the organic soluble hydrocarbon is unmatabolized B(a)P after 24 hourt. Polar derivatives
126.3%) and 8(a)P-tetrols (25.2%) are found in significant amounts in the mediur of the confluent liver

zell culture. B8oth levels are similar to those in the confluent HEL epithelial co'! cylture and Righer
than the NFS epitneiial cell culture.

Only

DISCUSSION
Call proliferation is required for the fixation of the carcinogenic event. He have been able to
1nauce ngoplastic transformation of normal human fibroblasts with a variety of chemicals, including
3(a)P, 1f the cells are in an enhanced proliferative stata (2,15). However, wa have not been able to
cransform confluent, non-proliferating human cells even if the cells are subpassaged and allowed %o
Jivide 1mmediately after the carcinogen treatment.

Zven though cell proliferation is required for chemical carcinogen-induced neoplastic
transformation, most studies of 8(a)P activation make use of non-proiiferating cell cultures
3,4,7,11,13,14,22). [t has been shown with human skin fibroblasts, that stationary (non-proliferating)
cultures estadlished by seeding cells at a low density in nutrient-deficient medium yieid 10 times more
Jnygenated 8(a)P-netabolites than proliferating cultures (4). The significance of these oxygenated
jia)P metabolites to carcinogensis is unknown. We reported previously that non-confluent skin
fioroblasts transport 3(a)P to the nucleus while confluent fibroblast do not (2,20). Therefore, the
'ncreased mgtabolism by non-proliferating cultures may be without effect.

Human epithelial cells exhibit different growth characteristics in vitro when compared to
¢1oroblasts, and most human cancars are of epithelial origin (carctnomas); therefore, we felt it was of
interest to examine the matabolism of 3(a)P, dy epithelial cells under proliferating conditions which
fivor transformation and under non-proliferating conditions which do not favor transformation.
pithellal celis from different primary target tissues were ytilized to assess intertissue variation,

The lung and liver cell cultures produce more water soluble metabolites than do the skin ceils
Table 1). The watar-soluble dertvatives consist mainly of detoxified conjugates of 8(a)P (13,22).
lonsidering that the epidermis is an effective physical barrier, the need for an ictive detoxification
pathway may bde less important than with lung and liver.

3(a)P aiol-epoxides are considered to be the ultimats carcinogenic metabolites of B(a)P (1,23).
“ne metadalic activation of 8(a)P occurs at the P450 locus in the pla mambrane, 4nd the
3{a)P-diol-epoxides synthesized form adducts predominantly with the N¢ motety of guanine in nucleic
acids (21-23). Such interactions with ONA are thought to be responsible for the induction of
carcinogenesis.

{n an aqueous environment, B(a)P-diol-epoxides are rapidly hydrolyzed to B(a)P-tatrols, so these
are the most significant products one can measure in the ethyl acetate phase. Little change was
Jbserved tn the generation of B(a)P-tetrols by proliferating and non-proliferating human epithelial
cel! cultures (Table 2). This indicates that the activation pathmay is functioning under doth
circumitances, and that the uitimate carcinogenic 8(a)P-diol-epoxides are synthesized.

The early eluting polar B(a)P metabolite pesk (Figure 3; Table 2) is composed predominantly, if
nat totally, of B(a)P sulfate conjugates. Extraction of these detoxification products of 8(a)P phenols
«1th ethyl acetate his been reported using a different chromatographic system (7,24). Our results for
numan epithelial cells are consistent with this detoxification pathway deing activated in
non-proliferating cells. With the HEL cells (Figure 2 and J; Tadle 2), the increase in the early polar
dertvative(s) in the confluent culture is accompanied by a decrease in B(a)P-onhensic n¢ <inlc,
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The results presented i1n this manuscript demonstrate that human lung epithelial cells and liver
parencnymal cells biotransform 8(ajP to a much greater extent than do human skin epithelial cells. The
1ncreased biotransformation tnvolves both the activation and the detoxification pathways. 1n addition,
non-proliferating epithalial cells have a greater propansity for desctivating 8(a)P than do
proliferating epithelial calls. This may nelp explain the need for cell praliferation during
carcinggen exposure in arder to odtain transformed cells in xlgggi

Transformadle fibroblast cell populations (2) produce less than 3% hydroxylated-epoxide
metadolites (oxygenated forms), (21). In sxcess of 98% of the 8(a)P remsing 4as B(a)P.

The tntraceilular distribution of 8(a)P {n the fibroblasts appears to occur as 8{a)? dound t0 &
low malecular weight ltpoprotetn (21). Our presenmt DNA adduct data (Tejwani, Jeffery and Milo,
unpublished data) suggests that the uitimate major carcinogenic form in the nucleus 13 Benzo(s)Pyrene
7.8 dlal 9,10 epoxide -{ (anti)-deoxyquanosine . This adduct has been reported by others to be the
major adduct excised Oy the error free repair system from the DNA, (25,26). In fidroblasts, activation
by the microsoms} PASO complex 1S not necessary to biotransform B(a)P to an oxygenated carcinogenic
derivative, however activation myst occur prior to induction of carcinogenesis. We canclude from these
data that the oxygenation of the 3(a)f to the carcimagenic metabolite must take place in another
intracellular location, presumably the nucleus.

A proposed mechanisa for the diotransformation of 8(a)? in fibrodblasts followed by the {nguction

Of a carcinogenic event is presented here.
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Time
0 hr 3(a)P =—me—aeme( Microsomal~——>Diols, quinones,
phenols
Adsorption to Activation
call membrane
& nrs Cytoplasmic Protein Adducts
PR + B(a)P W\fnpnr
12-24 hrs Trinsport across the
nucledr membrane
24-30 hrs Nuclear B(a)P mgtabolism “Intercalation”
24-48 hrs Inkract\'on of B(a)P

(metabolite) with
DNA and non-nistone ——p 4-6 hrs——mes ONA repair
nuclear proteins complete in
4-6 hrs,
Release of B3(a)P
nucleotide
aoducts

Similar studies are in progress with human epithelial cells from target tissues to describe B(a)P
activation and induction of a carcinogenic event.
Table |

Partitioning of Radioactiv'ltg After [ncubation of Human
Epitheltal Cells with [G="H1B(a)P for 24 Hours

Percent
Cells Organic-soluble Water-soluble
REC
Proliferating 60 40
FNon-w'ol iferating s2 48
NFS
Proliferating 77 23
Non-proliferating 81 19
Liver
Non-proliferating 42 S8
! TABLE 2
i 8(a)P Metabolites Produced by Human Epithelial Cells After Incubation with [G-3u1B(a)P
! for 24 Hoursd,
‘ Polar Blajp 8(a)P  Unidentified glal)™
Cells Derivativesd Tetrols DOiols MetaboliteS Phenols 8(a)P
l AEL ‘
‘ Proliferating ——- 4.3 13.7 9.5 12.2 26.4 |
H Hon-proliferating 32.1 27.5 2.0 6.9 3.8 9.2 l
1]
, NFS i
: Proliferating 1.9 4.5 1.2 3.4 2.1 83.9 i
i Hion-Proliferating 17.0 9.4 1.8 3.0 1.8 60.5
i Liver
Non-proliferating 26.3 25.2 3.5 11.6 3.2 211

dThe values are expressed as percent of total radiocactivity, and they reprssent the L
integrated values under the HPLC peaks.

OTreatment with aryl sulfatase removes greater than 80% of this component indicating
it 1s predominantly a sulfate conjugate of B8(a)P.

CB(a)P-6,12-dione and G-hydroxymethyl-8(a)P co-elute at this position.
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Figure 1
A. Human peripheral embryonic lung cells at passage 1 at saturation density states of growth, 100 X.
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B. Human foreskin epidermal cells at a saturation density state of growth at passage 1, 100 X.
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Figure 1

<. Human embryonic liver at passage 2 at a saturation denalty state of growth, 160 X,
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SUMMARY

The polynuclear aromatic hydrocarbons (PAH) benzo{a] pyrene (BP) and
the A-ring reduced analogue of 7,12-dimethylbenz{a]anthracene (DMBA),
1,2,3,4-tetrahydro-7,12-dimethylbenz{a)anthracene (TH-DMBA) are carcino-
genic to human cells. The unsaturated PAH, DMBA exhibits no carcinogenic
activity on human cells as measured by growth in soft agar. The TH-DMBA
and BP treated cells exhibit a colony frequency in soft agar of 84 and 86,
respectively. These anchorage independent cells, when seeded on the chick
embryonic skin (CES) organ cultures, are invasive and form a fibrosarcoma.
It is highly unlikely that TH-DMBA, which does not contain an aromatic
A-ring, can undergo metabolism in human cells in culture to form a bay
region 3,4-dihydrodiol-1,2-epoxide. These results suggest that an alternate
mechanism for the induction of carcinogenesis is appropriate to explain the
absence of bay region diol-epoxide metabolite as the ultimate form of the
carcinogen in TH-DMBA induced carcinogenesis in human diploid cells.

INTRODUCTION

Metabolic conversion of PAH such as BP and DMBA has been shown to
precede an expression of their toxic, mutagenic or carcinogenic activities
(1.2,5,6,17,21]. Our previous studies with BP have indicated that this car-

*Research supported in part by an award from AF F49620-80-C-0085 and EPA
R-806638-1 and by National Cancer Institute grants CA-16058, CA-25445 and CA-
21371.

**To whom request for reprints should be addressed.
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cinogen can induce neoplastic transformation in proliferating human skin
fibroblast ceils when added during the S phase of the cell cycle 4, Milo
et al., unpublished data]. Although DMBA can induce a carcinogenic event
in rodent cells in culture [12], this PAH does not induce such an event in
proliferating human skin fibroblast cells in culture [4].

Previous results from our laboratory have indicated that BP 1s taken up
and initially bound to a cytopiasmic lipoprotein complex present in human
skin fibroblast cells before being transported to the nucleus { 4,19, Tejwani,
unpublished data]. DMBA, on the other hand, is randomly dispersed
throughout these cells and is not bound to the cytoplasmic lipoprotein
complex [4, Tejwani, unpublished data]. These differences may in part
explain the induction of neoplastic transformation in the normal human skin
fibroblast cells by BP and not by DMBA.

The bay region diol-epoxide of DMBA, the 3,4-dihydrodiol-1,2-epoxide.
has been proposed to be the major metabolite responsible for the mutagenic
and carcinogenic activities of this PAH in rodent cells {3,18]. Consistent
with this proposal, DMBA exhibits mutagenicity in the Ames assay only
in the presence of a microsomal activation system [7].

The observation that the PAH TH-DMBA was mutagenic in the absence or
presence of a microsomal activation system, using 3 strains (TA1537, TASS,
TA100) of Salmonella typhimurium (7], provided impetus to study this
Aring reduced analogue for carcinogenic activity, using human cells. Since
TH-DMBA cannot be expected to yield a bay region diol-epoxide unless
it was first oxidized (aromatized) to DMBA, this A-ring reduced analogue
should serve as a useful probe for investigating alternate mechanisms of
transformation.

In our laboratory, we have defined several indices of human fibroblast
cell transformation in response to a variety of chemical carcinogens. These
inciude morphological changes, extended life span, growth in culture condi-
tions toxic for untreated norma! cells, increase in lectin agglutinability and
alteration in cellular prostaglandin levels [10]. The anchorage-independent
growth of transformed cells in soft agar has been the most consistent and
reliable indicator of tumor production in athymic nude mice and on the
CES organ culture system.

In this report, data are presented on the carcinogenicity of TH-DMBA in
human neonatal foreskin (HNF) fibroblast cells in culture.

MATERIALS AND METHODS

Chemicals

DMBA was purchased from Eastman Chemical Company and BP was
received from the National Cancer Institute Repository. TH-DMBA was
synthesized by a method previously described [7,20] . The hydrocarbon was
purified on a Spherisorb ODS 5 um column (4.5 mm X 25 cm) using a linear
gradient of 25—100% methanol for 1 h. All solvents were of reagent or
analytical grade.
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Cell cultures and treatment of cells with PAH

Primary HNF cell cultures were established as described previously [14].
Randomly proliferating cell populations, derived from human foreskin
tissues dispersed with collagenase, were passaged in complete growth
medium (CM) composed of Eagle’s minimum essential medium: 25 mM
Hepes buffer (pH 7.2) supplemented with 1 mM sodium pyruvate, 0.1 mM
non-essential amino acids, 2 mM glutamine, 50 ug/ml gentocin, 0.2% sodium
bicarbonate and 10% fetal bovine serum (FBS) in a 4% CO,-enriched air
atmosphere at 37°C, HNF cells passaged at a 1 : 4 split ratio reached con-
fluency in 4 days.

Preconfluent (70—80%) logarithmically growing HNF cell populations
between population doubling (PDL) 4 to 5 were blocked at the G,/S phase
of the cell cycle by feeding the cultures with non-proliferating Dulbecco’s
modified Eagle’s medium supplemented with 50 ug/ml gentocin, 1 mM
sodium pyruvate and 10% dialyzed FBS [8—10]. Twenty four hours after
seeding, when the mitotic index was 0.1% to 0%, the non-proliferating
medium was removed and the cell cuitures were re-fed with CM supple-
mented with 0.5 U/ml insulin. Thirty four hours after seeding, the synchron-
ized cell cultures were treated with 3.2 ug/ml of BP, 1 ug/m] of DMBA or
0.5 ug/ml of TH-DMBA in acetone. Cell cultures to which an equal volume
of acetone was added served as controls. The carcinogen was allowed to
remain in contact with the cells during the S phase of the cell cycle which
was 8.2 h long {8—10].

Selection of transformed ce!! populations

Forty eight hours after seeding, the cell cultures were passagedatal : 2
split ratio ipto CM supplemented with 2X essential vitaming, 8X non-essential
amino acids and 20% FBS (selection medium). The cell populations were
serially passaged at 1 : 10 split ratio into the selection medium [8~10].
After 16 PDL, the cell populations were seeded into soft agar.

Anchorage independent growth

The treated and control cell populations were trypsinised and seeded at
. 50,000 cells/25 cm® well in 2 ml of 0.33% soft agar and Dulbecco’s LoCal
medium supplemented with 1 mM sodium pyruvate, 0.1 mM non-essential
amino acids, 2 mM glutamine, 50 ug/ml gentocin, 0.2% sodium bicarbonate,
1X essential vitamins, 1X essential amino acids and 20% FBS. The cells were
layered over 5 ml of a 2% agar base prepared in RPMI 1629 medium
supplemented with 1 mM sodium pyruvate, 0.1 mM non-essential amino
acids, 2 mM glutamine, 50 ug/ml gentocin, 0.2% sodium bicarbonate, 1X
essential vitamins, 1X essential amino acids and 20% FBS (8—10]. The
soft agar cuitures were incubated at 37°C in a 4% CO,-enriched air atmo-
sphere. Three weeks later, the colonies were removed with a tuberculin
syringe (20 gauge needle) and seeded into the selection medium. After
attachment and sufficient growth, the cell cultures were trypsinized and
re-seeded in order to evenly distribute the cells from the monolayer colonies.




122

The cell cultures were passaged once at a 1 : 4 split ratio and then seeded on
the CES to evaluate neoplasia.

Neoplastic transformation

The cell populations at PDL 36 were seeded on the CES organ cultures
prepared from 9 to 18-day-old fertilized eggs [Milo et al., unpublished data].
The CES were layered onto an agar base containing 10 parts of 1% Agar in
Earle’s balanced salt solution, 4 parts of chick embryo extract and 4 parts of
FBS.

Then, cells (10°) from treated and control cultures were suspended in
0.025 mi CM supplemented with 20% FBS and seeded on the CES. Three
days later, the skins were removed and fixed in Bouin’s solution. Transverse
sections (5 um) were stained with hematoxylin and eosin and examined for
the presence of invasive features.

RESULTS

Chemical carcinogen induced neoplastic transformation of HNF cells in
culture was carried out by the procedure of Milo and DiPaolo [8,9].
Randomly proliferating low passage cell populations were seeded into
amino acid deficient medium to block them at the G,/S phase of the cell
cycle. The cell populations were released from the block in presence of a
growth promoter. Ten hours later, in the S phase of the cell cycle, the cell
cultures were treated with BP, DMBA or TH-DMBA. Cell populations
transformed by BP, DMBA or TH-DMBA were serially passaged for 16 PDL

TABLE 1

CHARACTERIZATION OF TRANSFORMED HUMAN FORESKIN FIBROBLAST
CELLS THROUGH ANCHORAGE INDEPENDENT STAGE AND NEOPLASTIC
STAGE OF CARCINOGENESIS

Compound Concentration Evidence of colony Incidence of tumor
(ug/miyt formation in soft agar® formation in CES®

BP 32 86 114

DMBA 1 0 N.D.

TH-DMBA 0.5 84 1/1

A2The concentration of each of these compounds was appropriately selected from results
of previous work (4].

b Four wells (25 cm?/well) were seeded with 50,000 cells/well in 0.33% soft agar supple-
mentad with growth medium, over a 2% agar base (8—10]. The values for coiony forma-
tion reported here were the number of colonies formed per 10* cells seeded into soft
agar (8—10].

SThese vaiues reported here were for 4 CES seeded with 10' ceils/CES and evaluated
3 days later. Normal untreated cells did not invade the tissue.

4BP treated celis were also evalusted for tumor formation in nude mice (4 ]. The treated
cells were pogitive and formed tumors.
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and seeded into soft agar to evaluate anchorage independent growth. BP
(32 ug/ml) treated cells exhibited anchorage independent growth with a
frequency of colony formation of 86/10° cells (Table 1). Although DMBA
(1 ug/ml) did not transform HNF cells in culture as measured by anchorage
independent growth, cells transformed by TH-DMBA (0.5 ug/ml) grew to
spherical colonies 10~12 days after seeding on soft agar (Fig, 1), with a
frequency of colony formation of 84/10* cells (Table 1).

The BP and TH-DMBA treated cell populations exhibiting anchorage inde-
pendent growth were seeded onto the CES to evaluate neaplasia. These
transformed cell populations were invasive on the CES and produced fibro-
sarcomas (Fig. 2). The tumors were designated as fibrosarcomas because of
the presence of mitotic figures in the tumor tissue.

Following growth in soft agar and re-seeding into monolayer cultures,
BP treated cells were aiso evaluated for neoplasia in nude mice. Six-week-old
mice received 5 X 10° cells subcutaneously. Four weeks later, the tumors
were excised and submitted to histopathology for evaiuation. The tumors
produced were identified as fibrosarcomas.
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Fig. 1. Randomly proliferating HNF cell populstions blocked in the G, phase of the cell
cycle were reisased from the biock and subsequently treated with TH-DMBA. The ceil
popuiations were serially passaged for 16 PDL and seeded at 50,000 cells/25 cm? well
into soft agar as described under Materiala snd Methods. The soft agar cultures were
incubated at 37°C in 8 4% CO,-anriched air attnosphere for 3 weeks. Each colony con-
tained 50300 cells, 14 days following seeding into soft agar.
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Fig. 2. The BP or TH-DMBA treated ceil popuiations exhibiting anchorage independent
growth were removed and serially passaged. Then, 10* cells suspendad in 0.025 mi CM
supplementad with 20% FBS were seeded on the CES (Milo et al., unpublished data].
Three days later, the CES were fixed in Bouin'’s solution, stained with hematoxylin and
eosin and microscopically examined. (A) represents normal untreated fibrobiast cells
seeded on the CES at 160x magnification. (B) represents TH-DMBA treated cell popula-

tions growing on the CES at 160X magnification.
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DISCUSSION

The PAH TH-DMBA was mutagenic in the Ames assay both with and
without metabolic activation in 3 strains of S. typhimurium {7]. In fact,
this Aring reduced analogue was more mutagenic in the absence of micro-
somal activation using the plasmid deficient strain TA1537 (7]. TA1538 and
the missense tester strain TA1535, which are relatively insensitive to DMBA
mutagenesis were not mutated by TH-DMBA [7]. Nonetheless, DMBA
required metabolic activation by addition of the S9 microsomal fraction in
order to elicit mutagenicity in strains TA1537, TA98 and TA100 [7],
whereas TH-DMBA required no such metabolic activation. TH-DMBA, in the
absence of the $9 fraction had mutagenic properties similar to metabolically
activated DMBA. This is a marked departure from other PAH which require
an activating system or chemical modification to a reactive species to effect
mutagenesis in the Ames assay. Thus, even 3,4-dihydrodiol-7-methylbenz{a]-
anthracene was non-mutagenic in the strain TA98, when cofactors required
for the microsomal activation system were omitted (11].

Previous results have indicated that when HNF ceils are treated with BP, a
major portion of the PAH is bound to a cytoplasmic lipoprotein complex
and is subsequently transported to the nucleus as the parent compound
{4,19, Tejwani, unpublished data]. HPLC analysis of the BP metabolites
covalently bound to DNA has indicated a low level of BP metabolism taking
place in these cells, with the formation of a smalil amount of the BP-7,8-diol-
9,10-epoxide-I-deoxyguanosine adduct [Tejwani, unpublished data] . In the
present study, BP also induced neoplastic transformation in the HNF cells
and the treated cell populations exhibited anchorage independent growth
with a frequency of colony formation of 86/10° cells seeded in soft agar.
These transformed cell populations were invasive on the CES and produced
a fibrosarcoma.

Although DMBA did not transform HNF cells in culture as measured by
anchorage independent growth, it was interesting to observe that TH-DMBA,
the analogue of DMBA completely reduced in the bay region, could induce
neoplastic transformation in these cells and was as potent as BP, at 1/6 the
dose of BP used. This pronounced activity of TH-DMBA is similar to what
would be expected in our system if we were assessing an ultimate carcinogen.

Previous reports have indicated that 1,2,3,4-tetrahydro-7-methylbenz{a] -
anthracene,a 12-desmethy! anajogue of TH-DMBA, is non-carcinogenic {16].
It is known that the 12-methyl function in DMBA provides sufficient steric
interaction with the C, -carbon—hydrogen of the A-ring to stabilize a ketone
function at position 5 owing to decreased planarity of the tetracyclic system
[13.14]. In TH-DMBA the C,,—C, interaction freezes the ring A in a half-
chair conformation with C, slightly and C, markedly out of plane with the
aromatic anthracene system. The speculative A-ring triol of DMBA, possibly
arising by reaction of DNA or other macromolecular nucieophile with the
proposed bay region 3,4-dihydrodioi-1,2-epoxide, is expected to have a
similar conformation.




Bt e A

126

These observations question the necessity for metabolic activation in the
case of TH-DMBA as a prerequisite to macromolecular binding and sub-
sequent transformation in human ceils. Work is in progress employing radio-
labeled TH-DMBA to further assess this phenomenon.
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SUMMARY

Human diploid cells morphologicaily wransformed by feline sarcoma virus were seriaily
propagated under selective cell cuiture conditions. When injected into nude mice prior to
passage in soft agar 10.35% ., morphologicaily transformed cells did not produce tumors.
However. when propagated under selective cell culture conditions. transformed cells grew
in soft agar and. when injected subcutaneously into the subcapsular region of the nu. nu
mice. produced neoplastic nodules histopathologically interpreted as fibromas. Karyologi-
cal examination of cell populations grown out from the tumors confirmed that the tumors
were composed of human cells. Examination of electron micrographs of the excised tumor
tissue revealed the presence of budding virus particles. Tumor cells isolated from nude
mice and morphologically transformed cells both contained the feline oncornavirus-associ-
ated cell membrane antigen. [t was concluded that expression of feline oncornavirus-
associated cell membrane antigen is associated with an early stage of feline retrovirus-
induced carcinogenesis. namely focus formation. In addition, it was shown that FeLV-
Fe3V can induce morphological transformation in human cells in vitro and that there is a
] requirement for the cells to passage through soft agar before subsequent tumor formation
Ineoplastic transformation} can be demor-trated.

Key words: feline sarcoma virus; neoplastic transformation: human diploid cells.

[NTRODUCTION in cats 15,0.18) and other species. The oncogenic
properties of FeLV FeSV in humans are not 4
known.

The objectives of this study were to determine 3
the optimal in vitro conditions of transformation
of human diploid cells by FeLV FeSV and the
oncogenic potential of these transformed ceils in

Feline retroviruses have been reported to trans-
) form cells of numerous animal species including
hamsters t(1-4). cats 15-7). dogs i2.4.8.9), pigs
12.5), sheep 11U}, monkeys 11}, and humans
. 14.7.9.10, 12-15) morphologically. However. rat
and mouse cells are refractory 116), along with ’ N
WI-38 cells 117). to feline retrovirus transforma- ™' ™ Mice.
tion and thus there are no reports about neoplastic
transformation. i.e.. the ability to produce tumors X .
with the in vitro transformed ceils in an appropri- MATERIALS AND METHODS
ate animal host. Primary NFS cultures. Primary human cell
Although the role of feline retrovirus in spon- cultures (NFS} established from foreskin tissue as
taneous neoplastic diseases of various heterolo- previously described 119), were maintained on
gous animal hosts is not known. the feline sar- Eagle's minimal essential medium (MEM),
coma virus IFeLY/FeSV) induces fibrosarcomas Hanks' buffered sait solution (HBSS). 25 mMW
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HEPES buffer at pH 1.21GIBCO. Grand lsland,
NY). | mM sodium pyruvate. 2 mM glutamine.
50 ug Gentamycin/mi (Schering Diagnostics.
Port Reading, NJ). 0.2% sodium bicarbonate,
and 10% fetal bovine serum FBS) iBiofluids,
Inc.. Rockville. MD).

Preparation of stocks of Snyder- Theilen FeSV.
Stocks of ST-FeSV were prepared as previously
described 120). Feline embrvo ceils at 30 to T0%
confluency were treated with DEAE-dextran
W) ug/ml) in L-15 medium 1GIBCO) at room
temperature for 20 min. Following removal of the
DEAE-dextran. a virus inoculum in L-15
medium supplemented with 3% FBS was added
to the cell sheet for 2 hr. The cell sheet was then
refed with L-15 medium + 15% FBS snd incu-
bated for T to 10 days at 37° C in a 4% CO,-
enriched atmosphere. The ceils were harvested by
scraping and subjected to two cycles of rapid
freezing in dry ice: 95% ethanol and thawing in a
37 C water bath. The cell suspensions were
centrifuged at 350 xg for 10 min: the supernatant
solution was filtered through a 0.453-um Millipore
filter and stored in U.3-ml aliquots at ~70° C.

Selection of “pure’ populations of FeSV-
infected human cells. Preconfluent cell popula-
tions at population douhling (PDL) 4 to 14 (1}
were seeded at 0.5 to 1.0 x 10* cells/cm? in MEM
+ 10% FBS. After each split at a 1:4 split ratio.
the PDL were increased by 2. After 24 hr. the
cells were inoculated with 1.250 dilution of Fe3V,
which had a titer of 6.1 x 10* focus lorming units
iffut; ml. The protocol for inoculation was identi-
cal to that used on the human dipioid celi cuitures
except that MEM growth medium was used in
place of L-15. Ten days later. the cultures, which
contained 10 foci/cm’ for a 20-cm’ plate. were
passaged 1:4. Those areas in the confluent culture
containing hyperrefractile cells that stained
densely with hematoxylin were identified as foci
1121, The cultures attained confluency in 3 days
and were serially passaged thereafter 1:10 until
“pure” popuiations were attained that contain
100% feline oncornavirus ceil membrane antigen
tFOCMA -positive cell popuiations. These in-
fected cell populations required 8 to 9 days to
reach saturation density.

Effects of different growth media on prolifera-
tion of FeSV-infected cells. Cells were seeded at
1:10 dilutions into different growth media supple-
mented with 10% FBS. Cell proliferation was
then monitored in either McCov's 5A. MEM-
Myt MEM (GIBCO! or EBM LoCal tBiolabs.
Northbrook. IL). McCov's 3A medium was used

previously for the growth of feline ieukemia virus-
transformed (FL-T4) cells in suspension culture
120); MEM-Ca** - Mg** and EBM LoCal were
selected because these elements have previously
been found to alter Adeno-12-induced focus
formation of hamster embryo cells i2]1) and w0
alter susceptibility and refractoriness of Yaba
tumor pox virus-induced focus {ormation 122).

Release of infectious virus from FeSV.infected
human cells. Pure populations of FeSV-infected
human cells growing on either EBM LoCal,
McCoy's 5A. or MEM media were assayed for
the release of infectious virus. Twenty-four hours
after seeding at PDL 20, or as the cells stopped
proliferating, aliquots of the supernatant solu-
tions were removed and filtered through a 0.22-
um Swinnex Millipore filter, then diluted and
used as inoculum. Ten days later. the infected
plates were fixed in 10% formalin and swined
with hematoxylin and eosin. Finally. the foci were
enumerated. These [oci contained cells that were
morphologically distinct from the normal cells
isee above) and are hereafter referred to as
morphologically transformed cells.

Passage of morphologically transformed cells
through soft agar. Soft agar was used as a suspen-
sion medium for the growth of morphologically
Fe3V-uransformed cells. A 2% agar base, RPMI
1629 medium (GIBCO} was supplemented with
20% FBS. Transformed cells were harvested
from the supernatant solution and resuspended in
EBM LoCal medium + 20% FBS, 1% essential
amino acids. 1% essential vitamins. 0.35% agar.
1 mM sodium pyruvate, 2 mV glutamine. 0.2%
sodium bicarbonate. and 30 ug/mi Gentamycin.
Two milliliters of this ceil suspension were seeded
at 1-2 x 10* cells: ml over the agar base plates.
These media were used because the morphologi-
cally transformed cells grow more optimally in
these media. We have tried RHMI 1640, MEM,
BME. et cetera with less success.

FOCMA detection. An indirect immuno-
fluorescence test for FOCMA (23) was performed
on the morphologically transformed cells. Pro-
liferating transformed cells from either mono-
layers or soft agar were harvested by centrifuga-
tion at 650 xg for T min at a cell density of 0.5 t0
1.0 x 10*. The reference primary reagent lcat
serum) used in this study was from a FOCMA
antibody-positive cat that was persistently
viremic. This agent was shown to be specific for
FOCMA, since abeorption of the serum with in-
tact and ether-disrupted (FeLV 110™ purified
particles/ ml of serum! did not decrease antibody
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titers (24i. In addition. this reageat produced
membrane fluorescence on Fe5V-infected human
neonatal foreskin cells, but not on uninfected
human foreskin ceils tunpublished data).

Histopathology and electron microscopy.
Tumors of FeSV-infected ceils and FeSV-infected
cell populations prepared from boluses growing in
soft agar were prepared for histopathology and
electron microecopy.

Athymic nude inu, nu) mice, which were back-
crossed 5 or 10 times and obtained from Sprague-
Dawley. Madison, W1, were seiected for evalua-
tion of the neoplastic potential of FeSV-trans-
formed human cells, Preconfluent cultures of
FeSV-transformed cells were prepared for injec-
tiop by scraping with a rubber policeman: they
were then pelleted by centrifugation at 340 xg for
* min. The pellet was resuspended in fresh MEM
and recentrifuged. After resuspension in MEM +
0.5% agar. 0.33 to 1.0 x 10" cells were injected
subcutaneously into athymic nude nunu) mice
that had been irradiated 3 to 4 davs previously
with 430 rad '’Cs y-rays. The nodules that de-
veloped at the site of inoculation were excised
after 6 weeks growth. fixed in 3% glutaraide-
hvde-0.1 M cacodylate buffer at pH T.4. and
then prepared for histopathology and electron
microscopy. ln addition, FeSV-infected pro-
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liferating populations isolated from boluses ob-
tained from soft agar were scraped from the sub-
stratum of the flasks, pelletized by centrifugation
at 650 xg for T min. and fixed in 3% glutaraide-
hyde=0.1 M cacodylate buffer at pH 7.4 for
examination under an electron microscope.

Karotype analysis of excised tumors. Tumors
from 0.8 to 1.2 cm in length were identified at the
site of injection after 6 weeks. These tumors were
surgically removed from the nude mice and ceil
suspensions were made as described eisewhere
119). Hyperimmune antiserum prepared against
nude mouse skin cells was added 1o the culture of
500,000 tumor cells in a 73-cm’ flask at
0.0 mi/ 15 ml of growth medium. The medium
containing the antiserum was renewed every
24 hr. Seventy-two hours later, the proliferating
cells were refed with 3 ug ml of colcemide
tGIBCO! in 10 mi of growth medium and incu-
bated for 3 hr at 37° C. The medium was de-
canted after 3 hr and the cell monolayer was
rinsed with warm PBS-Ca‘* - Mg*". Following
their removal with 10 ml of trypsin-versene solu-
tioa t4):1), the cells were recovered by centrifuga-
tion at h30 xg. The cell peilet was fixed in cold
methanol-glacial acetic acid 13:1). A suspension
was dropped onto & glass slide, dried. and stained
with prefiitered 5% Giemsa solution.

FiG 1. This photograph shows prolifersung Fe3V-transiormed human reils. A supermatant ceil sus-
pension from a cuiture at PDL 17 contaumng 7V to W% transformed veils was harvesied by centrfugs-
1oa &t K3 1¢ for T mun and the cell pellet wan resuspended and seaded in MEM < 107 FBY. thher

nonsttached ceils remain r ded up and [}

n the

dium. 28,
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RESULTS

Selection of pure populations of FeSV-infected
cells. At 5 to 10 PDL after selective subculturing
of the virus-infected human cells was started. it
became impossible to distinguish individual foci
in the culture because of the increased number of
infected cells in the population. Many hyper-
refractile, round FeSV-infected celis were released
into the growth medium. Populations of 1 10
2x l0* cells. ml were harvested from this
“"breeder”’ cuiture. Two methods of harvesting
these free-floating cells resulted in the selection of
two cell types. Centrifugation and resuspension in
fresh MIEM + 10% FBS gave rise to cells that a1-
tached to the substratum and exhibited a variety
of cellular morphologies 1Fig. 11. Direct ransfer
of the vid media and cells into a flask produced a
seeding suspension: some of these cells attached to
the substratum. whereas others began to grow
into large boluses in suspension: they vaned in
size and contained from 235 to 200 ceils 1Fig. 2).
Both harvesting methods gave rise to cultures

containing pleomorphic ceilular and colony
morphoiogy.

Growth characteristics (n different culture
media. We have tried many recipes for media.
Table 1 lists their ability to support the growth of
the transformed cells. MEM-Mg** + 10% FBS,
McCov's 3A + 10% FBS. and McCov's 5A sup-
plemented with 3 g’ ml spermidine + 10% FBS
supported cell growth for less than 3 PDL.
McCoy's 3A - 5 ug ml uridine: 107, FBS sup-
ported growth for 3 to 3 PDL.

FeSV.infected cells subpassaged 1:10 into
EBM LoCal medium plus 10% FBS proliferated
for 0 PDL: however. further subpassaging re-
sulted in cell lysis. Cultures that were subpas-
saged on MEM-HEPES died after 42 to 40 PDL.

Release of infectious virus. The supernatant
solutions were individually assaved for infectious
virus isee Materials and Methods: after 20 PDL
or when the ceils ceased proliferating and [vsed.

The data in Table 2 indicate that oniv MEM
and EBM LoCal supported the production and
release of infectious virus. There were 350 times

Fro 2 A il suspensan recuverest without centriugstinn (rom the ovariving growth medam of Faxd
iransiormed human fime wids PDL (0 was weted tirsrtiy nue o Ylasa without enienshing (he
growth media Ton dave ater activ ey i Witng DOIUMPS o1 . Siis ware abmersm| W)
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TABLE!

GRUSTH OF FeSV-TRaNsFORMED CELLS IN
DiFFERENT GROWTH MEDIA

Geoewn Medma PDL

I MEM ~ 5 mM HEPES $T)

2. MEM - Mg -Ca! <3

3. McCoy's oA 1}

4+ McCov's 3A = 5 ug mlspermidine 2

3. McCov 3 5A = 5 ug miundine 4

n EBM Lolai N
The proliferauve characteristics of a pure Fe3V.

wransformed human cell populstion were ed as

PDL oa different types of growth medis. Other experi-
menzs on other populations for PDL | through 0. not re-
ported here. supported these data. In most cases the
mean PDL did not exceed one sigma 3D for values re-
ported here. PDL as referenced in the text is: | serial
~ubpassage at | :2 split ratio at 95% abeolute piating effi-
ciency. Ume population doubling (PDL: is that cell
popuiaton that was serisilv passaged 1:4 at confluency.
Lf the cells were seriailv passaged at |:} they had pro-
veeded through PDL.

more focus forming units released from cells
grown oo MEM than from cultures grown on
LoCal. This suggests that virus production and
release. like ceil proliferation. 1s dependent oa the
specific cell cuiture medium used. Calcium has
siso been shown to aiter virus-induced cell mor-
phology and to produce biochemicai changes in
other virus-cell svstems 115.251. Cell populations
grown i McCoyv's 5A-supplemented growth me-
dium died after a short tume. There was no release
of detectabie infectsous units.

tsrowth in soft agar. Single cell clones were ob-
tained bv cioning single ceil suspensions in agar to
#vajuate the infected ceils for their ability to grow
16 soft agar. Free-floatng ceiis were seeded at | to
2 < [t¥ cells. mi into soft agar alter 16 10 20 PDL
and round compact colonies observed 10U to 14
davs later contaning 0 o 100 ceils bolus
Fig. 31. The frequency of bolus formation was
25w3

FOUCMA expression on FeSh.infected cells.
Randomiv proiiferaung ceils were assayed for the
presence nf FOXCMA by indirect immunofluores-
‘ence ' 20+ Figure 4. 4 is a light micrograph of
several infected cells. Figure 4. 8 ilustrates the
fluorescent pattern of FOCMA on the same cells.
The pattern & typicallv patchy We observed a
wmiar pattern nf FOCMA fluorescence by FL-74
~eils grown n epinner flasks 1201, To date. all
transformed cetls treated with {luorescen isothio-
‘VAnate {ag “ONLroi Cat serum have been negause.

tsrowth f Fedt-transformea human cetls 1n
1ude muce Tu rvaiuate the nenpiasuc potential nf

these FeSV-transformed proliferating human
cells, 0.5 to 1.0 x 107 cells were injected into nude
mice. Twenty-four hours later, the bieb at the
injection site regressed. After 5 1o 30 days, pal-
pable nodules were evident. They increased in size
10 0.8 to 1.4 em over a 4-week period at the end of
which the nodules were excised and prepared for
histopathoiogy.

Histopathology of rumors from nude mice.
Histologicaily, the nodules from both mice were
well encapsulated. sharply demarcated cellular
masses | Fig. 51. The neoplastic ceils were ovoid to
spindle shaped and contained a single vesiculated
nucleus usually with a prominent nucleolus. The
cvtoplasmic margins were frequently indistinct
and some cells appeared to form syncytia. An ap-
plication of the Massons trichrome stain showed
the eosinophilic fibrillar interceifular material o
be coilagen. A basophilic thematoxylin! mucinlike
intercellular material was admixed with the colla-
gen fibers and stained with Aician Blue. This re-
vealed the presence of acid mucopolysaccharides

TABLEZ

MEASUREMENT oF Focts Forming Usits
AN APPROPRIATE MOAULAYER CLLTURES

rown Medium flu T~ flash® _
t. MEM 4 25m W HEPES 1Lox 0 =Ldx )0
2. MEM-Mg'-Ca™ -
3. McCov's 3A® -
4. McCov's 5A - Sugrml
spermidine® -
5. McCov's 5A = Sug/mi
urdine? -
n EBM LoCal 35x W =11x10

* Dashes ' —! meun that ffu were not detected when
supernatant solutions were assaved on appropriate
human monolaver cultures 119 \morphologicai trans-
{ormauon! aiter the cell popuiations cessed to proliferate
and {vsed t Table 11

® Cells cultured in these media exhibited limited pro-
liferative capsbility and cessed proliferating prior to the
virus aseav perod.

These [igures show the resuits of a focus-forming
aseav f FeSV-transformed ceils rultured in differen:
yrowth media. NFS ceils were onginaily infected with a
1.250 dilution of FeSV [rom a pool with a titer of
n.1 « {0 ffu. m). The virus assav period was determined
10 be at least 20 PDL at 1: 10 split ratios after virus infec-
uon for cells grown oo MEM-HEPES medium. This
umie perod waa seiected in order to ensure that ooly pure
popuiatons of virus-wransformed cells were assaved.
Focus-forming units. “5>-cm’ flask were determined for

Tt 2.0t P cells per experiment. These data repre-
sent the results for 0 of 4 for MIEM st PDL-20and nof 3
for LoGai at PDL 7. They are presented here as mean
calues = | wgma 3D
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1Fig. 6). Mitotic figures were rare. the mass was cated immediately adjacent to the vesseis. The
well vascularized. and the neoplastic ceils were lo-  mass was interprated to be a fibroma.

F1G. 3. A suspension of {ree-floating viable cells in the overlving growth medium from a Fe3V.
transformed culture at PDL-12 was harvested by centrifugation at 650 g for 7 min. Ceil populations
at 1-2 x [0* ceils; mi were seeded into 0.3 soft agar containing LoCal growth medium. Ten davs
after seeding. colonies of cells were observed. xn3.

F1G. 4. Proiiferating Fe3V-transformed ceils. 11.3-1.0 x [(*. were harvested by centrifugation at
730 *¢ and incubated with FOCMA antibody reference cat serum. obtained from an animal with a re-
gressing sarcoma. for 30 min. Ceils were washed {ree of unbound cat globulins with three consecutive
rinses of Hanks™ balanced salt solution and incubated with a 1:20 dilution of goat anticat gammagiobu-
iin 1Svivania. [nc., Milburn, NJi, which had been conjugated to fluorescein isothiocyanata. 4. Light
micrograph of Fe3V-transiormed cells: 8. UV-fluorescence micrograph of the same {ield. <117,
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Under electron microscopic examination, cells  from mice were both found to contsin virusiike
in culture and cells from the nodules removed  particles i Fig. 7).

by

R Y]
&g

\

- .
?X- 7

e i .
ik

F16. 3. A weil-encapsulated subcutanenus nodule in an nu. nu mouse. The ceils are individuaily
aligned tarrnw or arranged in svncyvtial sheetts). 3.

Fir, 0. Electron micrograph of cel from subcuraneous nodule in nunau mouse. The interstitium con-
tains flocculent efectron-dense material 1arrowhead) and numerous fibrils tarrow) containing the chae-
acteristic bd)- A banding of collagen. *30.000.

FiG 7. Virus particles 1arrows) budding from ceil membrane of fibrobiast in culture prior to injection
IO Nu My mouse. <22, 4k,
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TABLE?2

MooaLity uf HuMAN CHROMOSOMES oF CELLS
PREPARED FrROM TUMOR CELLS

PDLY Model No. Range
1Y 13 RB-47
10 +3 12-45

3 p 43-47
T 10 $3-48
6 45 40

* These PDL represent proliferation of population of
FOCMA-positive ceils seeded from the tumor. The
range represents the distribution of chromosomes seen
on a single slide.

The data presented here represent our attempt to
count the bers of h chre found in the
cells that produced tumors in the nude mice. The tumors
were removed. seeded in vitro, and at subsequent PDL,
evaluated.

Distribution of chromosome number in tumor
material. Tumors excised from nude mice were
grown in vitro as described previously. In no case.
of the metaphase spreads from five different
tumors evaluated. was there significant deviation
from the diploid number of chromosomes.

Discussion

Replication of FeL.V-Fe3V in human cells and
subsequent focus formation were demonstrated in
this study, confirming previous reports 19.10,13.
26-29). The data obtained in this study. however,
suggest that focus formation (i.e.. morphological
transformation) (2) represents only a traasitional
stage in the neoplastic transformation process. [t
is interesting to note that Azokar and Essex 117)
did not observe morphologically transformed
cells when W1-38 were infected with Fe3V. How-
ever. if we add Fungizone or penicillin and
streptomycin to the cuitures much in the same
manner they did. no foci were observed. This
study showed that the separation of morphologi-
cally transformed f{rom nontransformed normal
cells and growth as well as passage in soft agar
were prerequisites for the demonstration of neo-
plastic properties by the transformed cells. The
separation was accomplished by culturing and
passaging the cells in a low-calcium supplement
growth medium for 2 PDL to 3 PDL in MEM.
HEPES EBM-LoCal medium. The resultant
transformed cell populations grew in suspension.
whereas populations that contained normali-
appearing cells did not. Selective culturing in sus-
pension of these cells in EBM-LoCal medium fol-
lowed by subculturing in MEM 5 PDL later re-

sulted in the cells reattaching to the substratum.
It was necessary to serially subpassage these cells
for an additional 16 to 20 PDL in | x MEM-
HEPES growth medium before they would grow
in soft agar. The morphologically transformed
cells. when passaged through soft agar, formed
colonies of 50 to 100 cells/bolus at a frequency of
2.51t0 3 x 1074/25 cm?. These cells. isolated from
soft agar and grown in a selective medium. were
injected into b-week-old nude mice to evaluate the
oncogenic potential. Nutritional requirements
and time in culture appear to determine growth
and expression of the neoplastically transformed
cells. Selective nutritional requirements have also
been shown for other Fe3V-transformed cell sys-
tems such as transformed feline producer ceils,
which grow optimally on McCoy's 5A 122); or Ad-
12-transformed hamster cells. which require a
low-Ca*! growth medium (21). The transformed
human cells that also grew on EBM-LoCal me-
dium did not grow on MEM minus Mg** - Ca**.
Tumors produced in the nude mice 10.8 to
1.4 cm in size) ‘vere found to contain collagen and
were interprete ! histopathologically 10 be
fibromas. not fibrosarcomas t251. Removal of the
tumor was followed by growth of the cells in cul-
ture: subsequent karvological examination indi-
cated that the tumor cells were of human origin.
Examination of electron micrographs of excised
tumors and proliferating cells from in vitro
populations of morphologically transformed celis.
and examination of cells passaged through agar.
revealed that both types of cells were shedding
virus particles. Assay of the morphologicaily
transformed cell populations (30} before and after
growth in soft agar revealed that FOCMA was
present at both stages in the transformation se-
quence. These results suggest that FOCMA ex-
pression is associated with the early events in the
transformation process. There appears to be a
program or staging process that must occur in
FeVL. FeSV-transformed human cells before
they will produce tumors when injected into a
suitable host. The results reported here appear to
be similar to the muitistage process of chemi-
cal carcinogen-induced transformation 123).
FOCMA and virus expression appear to be associ-
ated with early stages of morphological trans-
formation, whereas growth in soft agar is associ-
ated with a later transitional stage. A high cor
reiation exists between growth in soft agar and
tumor formation. {t was noted that although
virus-infected ceils would not produce tumors
prior to their growth in soft agar. after they were
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passaged through the soft agar they would pro-
duce tumors. Again, this suggests that growth in
agar acted as a selection process to permit the pro-
liferation of cells that can produce tumors when
inoculated into a suitable host. Therefore. we
have shown that FeSV neoplasticaily transformed
cells are capable of producing tumors in nude
mice.

The release of the infectious virus from human
cells that form tumors or grow in soft agar raises
the question of possibie horizoatal transmission.
FelV and FeLV/FeSV have been shown to be
horizontally wansmissibie among cats 130}, and
FeLV. under laboratory conditions. was hori-
zontally transmissible to dogs 113). A serological
survey indicated that no antibody to FeLV oc-
curred in hundreds of individuals exposed to
viremic cats (12,31). However, Jacquemin et ai.
32} reported that purified human IgG from pa-
tients with chronic myelogenous leukemia specifi-
caily neutralized reverse trancoriptase isolated
from FeLV.
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SUMMARY

Human foreskin cell cultures in scheduled DNA synthesis (S phase) of the
cell cycle were exposed to UV irradiation at a dose of 10 J- m~* in the
presence of insulin. These treated cell populations, when selectively passaged
in a high amino acid supplemented complete growth medium (CM) after
20 Dulbecco’s phosphate buffered saline (pH 6.8) (PDL), were able to be
grown in soft agar. These treated cell populations were also grown in 1%
serum supplemented growth medium and at 41°C in 10% serum supple-
mented growth medium. Cell populations 4—5 PDL after treatment exhibited
altered colony morphology and altered lectin agglutination profiles but
would not grow in soft agar. These events appeared to be associated with the
early stages in the expression phase of the transformed phenotype. After
20 PDL, we observed that these cells would grow in soft agar at a frequency
of 20 colonies/10° cells seeded in soft agar. The cell populations derived
from these colonies, when propagated and injected into the nude mice,
formed myxofibromas at the injection sites rather than the type of tumor
(fibrosarcoma) previously described for chemical carcinogen-induced neo-
plasms.

*Supported in part by grants NIH-NCI-ROI-CA-25907, Air Force Scientific Research
F47620-C-0110 and EPA grant R-80-6638.

Abbreviations: CM, compiete growth medium; FBS, fetal bovine serum; MEM, minimum
essential medium; NFS, neonatal foreskins; PDL, Dulbecco’s phosphate buffered saline
(pH 6.8); RCE, reiative colony-forming etficiency; S phase, scheduled DNA synthesis.
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INTRODUCTION

Carcinogen-induced transformation of human cells in vitro by chemicals
or irradiation has been difficult. Recently, however, neoplastic transforma-
tion of human cells by chemicals [1] and viruses [2] has been achieved.
In addition, Sutheriand [3], using UV treatment of human cells, damaged
the DNA and transformed the cell populations to an anchorage independent
state of growth. Multiple treatments at subtoxic doses of UV were necessary
to damage the DNA and induce transformation. Other studies with
refractory human cells have indicated that carcinogens can induce un-
scheduled DNA synthesis [4] or repair synthesis [5]. However, these
reports do not attempt to correlate damage to DNA with expression of
carci.ogenesis. Instead, Heflich [6] correlated removal of chemical carcino-
gen and induced damage to DNA with cytotoxicity. We have expanded on
our preliminary report of UV-.induced neopiastic transformation of human
cells [7] and present data on the reproducibility of the process. We also
present data on the interrelationship between anchorage-independent growth
and tumor growth as the normal cells pass through a retro-differentiated
sequence from induction to neoplasia.

MATERIALS AND METHODS

In order to have observed reproducible transformation of human cells
exposed to UV, it was necessary, first, to use low passaged cell populations
(PDL 1—5) and, second, to complete a cell survival curve prior to the
selection of an appropriate treatment dose.

Cell cultures

Primary cell cultures were obtained from neonatal foreskinsg (NFS) as
previously described [8). They were maintained on CM, viz., minimum
essential medium (MEM): 25 mM Hepes, Gibco, Grand Island, New York)
at pH 7.2, supplemented with 10% fetal bovine serum (FBS), (Rehatuin,
Kankakee, IL), 1 mM sodium pyruvate, 2 mM glutamine, 0.2% sodium
bicarbonate and 50 ug/ml gentomycin, in an atmosphere of 4.0% CO,-
enriched air at 37°C.

Survival studies of irradiated cells

Immediately after UV treatment or 40 h later, cell survival was measured
by either dye exclusion [9], colony-forming ability [10] or incorporation
of [°H]thymidine into cellular DNA [9]. After seeding, cultuyes were

irradiated with a 15 W Germicidal Electric lamp (15GT8) at a fluence rate °

of 1.2 J- m™*- sec™'. The fluence rate was measured by a Blak-Ray UV
meter (UV Products, Intemational, San Gabriel, CA). To measure colony
forming capability of the treated cell population, one thousand cells were
seeded in 25 cm? wells (Faicon Plastics, Oxnard, CA) and fed with CM
supplemented with 20% FBS. These cultures were incubated at 37°C in a
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4% CO,-enriched air atmosphere for 9 days, fixed in phosphate-3% {ormalin
stained with hematoxylin-eosin and enumerated under 23X. If the effect of
the treatment on cell survival was to be measured by dye exclusion, approx.
5000 cells - cm™? in a 25-cm? dish were trypsinized at the conclusion of the
UV treatment and counted in a hemocytometer [9]. Inhibition of the
incorporation of CH,-[*H]thymidine (S.A. 54.0 Ci/mmol) into the DNA of
UV.-treated cells was measured by sampling the cell population from 0—48 h
following initiation of UV treatment [8]. At 1-h intervals, 3 coverslip
cultures were removed, fixed in 3 : 1 methanol/acetic acid solution, acid
washed in 1.0 N HC] and air dried. Two coverslips were transferred to
scintillation vials and incubated overnight with 0.5 ml of NCS tissue
solubilizer, then neutralized with 1 N NaOH. Insta-Gel (10 ml) (Beechman
Inst., Palo Alto, CA) was added to each vial and the radioactivity counted in
a Beckman scintillation counter.

Induction

The scheme of induction and selection of the transformed cells will be
presenrited along with the chronology of the events as they occurred (Fis. 1).

An irradiation dose permitting 50% of the cells to survive was optimal
for the formation of transformants in each cell populatica studied [1].
Preconfluent, logarithmically growing cuitures at low (3—8) PDL were
synchronized by placing them at a density of 5000 cells- cm™ into
Dulbecco’s Modified Eagle’s Medium (Biolabs, Northbrook, IL) at pH 7.2,
supplemented with 10% dialyzed FBS but lacking arginine and giutamine.
After 24 h, the amino acid dsfirient medium was replaced with CM
containing 0.5 U/ml of insulin. Then hours later, when the cell population
was entering S phase of the cel cycie [1], the growth medium was removed,
the cultures were washed .ace with PDL, irradiated with 5.0J - m™ of UV
and refed with CM containing 0.5 U/ml insulin. Upon completion of the
treatment, the cells were allowed to proceed through S phase, which
required 8.2 h, and one mitosis. They were then split 1: 2, then 1: 10,
into MEM supplemented with 10% FBS plus 8X non-essential amino acids
(Microbiological Assoc., Rockville, MD) (8X growth medium). The 8x
growth medium inhibited growth of cells that exhibited 2 normal pheno-
type {1) while allowing proliferation of treated-altered cells.

The treated cell population at this time was identified as entering the
early stage of the carcinogenesis process. During this stage of expression
it is imperative that no part of culture remain in a saturation density
growth state for more than 16 h prior to passaging the culture.

Early

Growth of cells at 41°C and in medium with reduced serum concentration.
Cell populations, following treatment with UV, were seeded (5000 cm™?) in
CM and serially passaged at 1:4 on a 4-day schedule and maintained at
41°C in a 4% CO,-enriched air environment. Cell populations from com-
panion cultures were seeded at 5000 cells * cm~? in CM supplemented with
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Time (hr INDUCTION
0-24 Synchronization (PDL-S)
24-34 Sensitization
42.3 UV-Treatnent
Week SELECTION
1 Early
POL
6-10
Lectin Growth at 31° ¢
Agglutination Growth in reduced serum
S Transitional
POL
20-25
8 Growth in soft agar
10 Late
POL
34-40
14 Growth in nude mice
{Tumor)

Fig. 1. The scheme followed here is a graphic representation of the sequence originating
with the induction (treatment in early S) through tumor formation. Each critical stage
is represented by the PDL (population doubling) reached at each stage of the process.
Transition from colony formation is soft agar prior to growth in the nude mouse was
achieved following isolation and seeding of colonies in 75 cm? flasks to produce 5 x 10¢
cells of inoculum for each mouse.

1% FBS and maintained also in a 4% CO,-enriched air environment at 37°C.

Lectin agglutination. Trcated and controlled populations at a 70—90%
confluent density of proliferating cells were removed from the substratum
of the flask by the action of 0.05% trypsin [8]. Following centrifugation
at 650 X g, the pellet was resuspended in PBS (pH 6.8) and recentrifuged
twice. The final cell suspension was left on wet ice at a ceil density of
10% cells* mi™'. Wheat germ aggiutinin prepared in PBS was added to the
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wells of microtiter plates (0.025 ml). To this, 0.025 ml of a suspension
of 180 000 cells in PBS was added to each well and incubated at 21°C for
10 min. The wells were then examined immediately.

Altered colony formation. Fibroblast cultures were treated as described
in the induction protocol. Four PDL, following irradiation of the treated
cells, were seeded into 60-mm diameter wells at a 1000 cells/well into
8X growth medium. After incubation ar 37°C in a 4% CO, humidified
enriched air atmosphere for 9 days, the cells were fixed with 3% PBS
buffered formalin (pH 7.2), stained with hematoxylin and examined for
colonies with abnormal colony morphology. The abnormal colonies were
comprised of polygonal-small cells that overlapped into a criss-cross
disoriented growth pattern. This growth pattern was in contrast to the
normal large fusiform shaped fibrobiasts growing in a parallel-whorling
orientation.

Transitional

Soft agar. After serial passage of the UV.treated cells for 20 PDL in
8X amino acid supplemented CM, 50 000 cells were seeded in 2 ml of
0.33% agar supplemented with modified Dulbecco’c Lo-Cal medium
(Biolabs, Northbrook, IL). These cells were then overlaid on a 2 ml
2% agar base supplemented with RPMI 1629 growth medium enriched
with 20% FBS. Colonies formed after 14—17 days of incubation in a
4% CO,-enriched air environment at 37°C [1]. These cultures were refed
every 7 days with 0.5 ml of Lo-Cal medium-supplemented agar. Since a
close correlation has been shown between the growth of chemically
transformed human cells in soft agar and their neoplastic potential [1],
growth of the UV-treated cells in 6-week-old male athymic nu/nu mice
from a BABL/c background (Sprague—Dawley, Madison, WI) were
chosen as a suitable assay system to determine the neoplastic potential
of the culture derived from UV.-treated cells.

Late

Growth in nude mouse. Cells were harvested by trypsinization and
resuspended in Dulbecco’s EMB LoCal (Biolabs, Northbrook, IL),
supplemented with 20% FBS and 1X essential amino acids and 0.35%
agar. Six-week-old nude mice, which have been irradiated 3-—4 days
previously with 450 rad !'3"Cs-rays, were injected subcutaneously with a
cell mass of 0.5X 107 UV-treated cells. Nodules became evident at the
site of inoculation 14—21 days following injection and continued
increasing in size up to 4—6 weeks. The blebs formed at the injection
site regressed in 48~72 h. The tumors were excised between 4 and 6
weeks and submitted for histopathological examination.

RESULTS

Toxic response
In the early stages of our experiments following the treatment with UV,
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we measured the toxic effect the treatment had on the UV-insulin treated
cells by counting the total number of viabie cells at 12 h (Fig. 2) after
initiating the UV treatment or at 40 h after initiating treatment (Fig. 3).
In addition, recovery of cell division from the toxic effects of irradiation,
monitored by [*H]thymidine incorporation into DNA and by cell counts,
began at 44—48 h following the completion of the treatment. The response
patterns of irradiated cultures previously not exposed to insulin exhibited
a typical shoulder on the survival curve followed by a logarithmic decline
at doses greater than 10 J: m™2. However, cell cultures pretreated with
05 U/ml insulin and then irradiated lacked a shoulder at 10 J - m~? and
were biphasic in response at higher doses of UV. The toxic effect of
increasing UV doses was measured more sensitively by relative cloning
efficiency (RCE) than by the trypan blue dye exclusion technique; it took
roughly a 10-fold higher dose to demonstrate a measured effect (Fig. 2)
by dye exclusion than by inhibition of colony formation (Fig. 3). The
slopes of each of the survival curves were similar (Figs. 2 and 3). The dose-
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Fig. 2. Low PDL of NFS cells were seeded at 5000 cells - cm"? into 60 mm diameter,
4-well plastic petri dishes and synchronized by amino acid deprivation. Following UV
irradiation at a fluence rate of 1.2J+ m~?+ sec”’, the plates were incubated at 37°C in
a2 4% CO, humidified air stmosphere. At this time cell suspensions were prepared by
trypeinization and countsd by trypan blue dye exclusion in a hemocytometer. The ciosed
circies represent the irradiated cultures not exposed to insulin and the closed squares
represent the irradiated cultures treated with 0.5 U/ml of insulin. Data points are the
mean values for an n of 8,
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Fig. 3. Cells were seeded at 5000-cm-’ into a 60 mm diameter 4-well plastic petri dish
containing Dulbecco’s Modified Eagle’'s Medium supplemented with dialyzed FBS, minus
arginine and glutamine (pH 7.2). These cells were released from the block (see text) and
treated during the S phase with UV. Once the treated ceills had completed S (8.2 h) they
were seeded at a concentration of 20G cells/25 cm® well and cloned (3] for 11 days.
The control (untrested) cultures exhibited 18—24% cloning efficiencies; results are
reported as a percentage of control values. The circles (o~———e) represent cells treated
with UV. The squares (o———a) represent ceils treated with UV and 0.5 U of insulin.
The open circles and squares represent time points 12 h posttreatment at the condlusion
of the S + G, + M part of the ceil cycle, while the closed circles and squares represent
time points coincident with the time points used for the trypan blue experiments (Fig. 1).
Each point represents data from 10 different weils.
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response profiles of cultures not reateC wilh (NSULN Wwere SUNMUAT WK hose
reported Oy Lehman et ai [1.] or Manher et w .l for numar s«qr
fibrobiasts We nouced that when insulin-zeated elis were uradiated at
5J-m Fig 3)in S phase there was an ncreased surviva: rate of up
120% over the uradiated insulin-free cultures

Synchronized cell populations that were nol reatec With either :nK\iun
or uradiated with 'V exhiitea an 8% RCE Rancomiv prouferating e
populations wZeated witr insubn-UV or 'V wone. or svncnronizec reus
Tealed with UV alone, exhibited a shouider at 10 J - g 3 lnsaur.
treatment appeared 10 Increase sensiization of svocnronized Jeil POpulations
to UV treatment at 10 J - m * up w 20 J m ° The insubin-."V treatec
cultures at 20 J - m - exnibited a RCE of 3. -omparec ¢ »™ for ceils
not treated with insulin

Growth cnaractenstics o' 'V -treatea celis sewchive drocess

After 10—15 PDL un the 3» growth medium. the Tradiatec cullure:
110 J - m™° appeared pieomorphix 4and contained more :han 95% smal
polvgonal cells Many of these cells were multinucieated anc lsplave:
multiple processes as seer nv Contrast [nterference Nomarsk. mucroscopy
Cells passaged from these cuilures proiuferated W saturatiorn Jdensiues of
4—6 x 10° cells 75 cm’® flask in 8x growth medium, whereas unweated NF»
cells oniy reacned 1.2—15 +10% celis 73 vm’ flask Treatea cells 5 -
13.0J - m'? exhibitea a ioss of contact :nhiditiun. a tendency tu ple up
tn culture and a pattern of wregular cnss-cross growth - Tabie 111 None
of these altered characteristics were nbserved .n Contro: cultures T hese
cell populations were capable of subpassage to 120 PDL wrule the conTous
phased out after passage to 40: 3 PDL. Cell popuiations treated at s
subtoxic dose of 1.2 J- m ° exhibited no abnorma: cuiony morphoiogy

To examine the cultures for growtn at eievated temperatures, popuiation,
were subpassaged 1 4 and incubatec at 37°C in a humdified 4% 0.
atmosphere to allow cell attachment to the substratum The temperature
was then raised to 41°C. As early as 10 PDL after rradiation. cell culturec
derived from UV.weated populations activelyv prolferated at 41 C for "2,
at which time thev were 60—70% confluent Controi vells detachea from tne
surface 1n less than 24 h.

Growth in reduced serum

Many transformed mammaban cells have been reported o grow n
reduced serum concentrations [13—15] We examinec our contro. and
UV-treated human cell popuiations for this charactenstic after 10 PDL o
subpassing them into MEM supplemented with 1% FBS Table | represents
the growth charactenstics of these cultures at reduced serum ievels Control
NFS cells ceased proliferaung after 5 PDL. After an imtally siow gowth
rate, the UV-treated cultures appeared to adjust to the [ow serum concen.
tration, as shown by the reduction In time needed :o attan confluencs
They continued to replicate at least through 17 PDL w1 1 FBS then were
transferred back to MEM = 10% FBS,




53

TABLE |

SROWTH F JONTROL NFS) AND LY TRANSFORMED HUMAN CELLS AT
REDUCED SERUM CONCENTRATION

NFS ~eds PDL (4. and "'Vireatea PDL [~ passages were (ransformed ato MEM
suppemented with . % FBS and wiuuwr prouferstion was moanored The NFS cuistures
maees Livding after 1) PDL nowever :he cels Yom 1V-treated culture appearsd to
adapt 0 "he oW serum concentration

3put "o Days to conflluency PDL
NFS Y NFS N NFS UV
N b - - FIR) 33
i ic 4 53 313
: ] # - N M
+ 4 = - N 2
N 4 Deaq 3 - 2
: i 2
4 ) 2
Toatam Je HON)

(g8 . winason sroperties o0V rreated ceds

Witer at east (v P00 nos growth medium, controi and UV-weated cells
aere tested or agglutinaodity oy exposure (o varving concentrations of
wheat Jerm .ecun © V-treated -eills were aggiutinated by 78 ug ml of lectin,
Anereas -ontrol cuitures of NFS cells requirea 2500 .g mi, more than 30X as
much L8, a8 the N reated ceils

itormas owns cormation and fMowth on soft agar

Tratstormes ceils require rowth n cuiture before thev will grow in soft
agar % weated el popuiations were serally passaged pnor ‘o seeding in
»oft agar This was n contrast W senally passcved chemca carcmogen
‘reated cens (5—20 PDL (1] When U \V.eated cell: were senally passaged
‘nrough 1 357 soft agar. he average ~olony frequencv was 20 colonies/10°
>eeded  wus  None Of the antreated cells would grow in soft agar.
‘casionaly we spserved smail colonies of 2—6 cells 1n s1ze, but they would
Mot aroduce oisnes 3 cells or Larger and were not viable when isolated
rom suft agar arter 3 L 4-iav :ncubation penod in soft agar (Tabie [I). Of
200 nfferent -uitures Teatec wth 'V, .. uradiation, we Tansformed
.~ f "nem -oony formation .n soft agar was a measurement of transforma-
un The ather D were rafractory ‘o the Teatment. We therefore examined
‘ne Caltures ‘of canauons 0 response "o -V o.rradiated as a function of theywr
ALY T eXDLN ancnorage ndependent gowth. We correiated this para-
meter AL the Tecuency Y aonormai otony formation and found that
To.oom nuced ‘rte formatien of a nigher proportion f coiorues tran-

LOOna, Cranstormant. o gow n soft-agarthan i0J - m o while 10d - m*?




. ——————

54

TABLE I
FREQUENCY OF COLONY GROWTH IN 0.33% AGAR OVERLAY OVER A 2.0%
AGAR BASE

The data presented here is an average value for colony formation for 8 weils. Each well
was seeded with 50 000 cells at PDL 20 into 0.33% agar over a 2.0% agar base. The
lonies were counted after 21 days and the frequency of colony growth normalized to

100 000 cells per well. .

3.

Exp. No. PDL Growth in soft agar
1 20 20.0
2 20 15.0
3 20 25.1

induced the formation of a higher percentage of abnormal colonies
(Table III). Cultures treated at a subtoxic dose of 1.2 J - m™* exhibited no
abnormal colony morphology and the treated cells would not grow in soft

agar.

Tumor formation

The nodules which developed at the injection site in nude mice grew to be
0.6—1.05 cm in diameter and were well-encapsulated by mouse fibroblasts
{Fig. 4). Removal of the tumors followed by karvological examination [1)
confirmed that they were of human origin. The centers of the nodules
were necrotic with dense infiltration of neuwophils and occasionally
contained areas with extensive cholesterol cleft formation. Blood vessels

TABLE III

COMPARISON OF TOXIC EFFECT OF UV, nm IRRADIATION WITH FREQUENCY
OF ABNORMAL COLONY FORMATION AND ANCHORAGE INDEPENDENT '
GROWTH

UV .m % {nhibition of Abnormal colony® Grow®
colony formation morphology 10’ cells in spec. ac.

1.2 0.0 0.0 0.0
5.0 0.25 2.1 107

10.0 0.50 3.5 1077

13.0 0.60 0.5 10°°

13.3 0.65 0.5 0.0

16.0 0.95 0.0 0.0

* The above exposures were administered at 1.2J - m ' - sec '

S After exposure to UV at the conclusion of S the cells were seeded at 10 cells/25 em
well and cloned {9]. At the end of 9 days they were fixed, stained and enumerated.

¢ After 20 PDL. 50 000 celis were seeded i 2 mi of 0.33% agar. The cuitures were refed
once a week for 17 days. At that time the coionies were counted and the frequency of
colony growth in soft agar reported as the number of co.onies contaimng 50 or more
celis, 10* celis seeded.
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were present within the nodules. The nodules were compatible with a
benign proliferation of exogenous ceils and could be described as myxo-
fibroma-like,

Of 6 mice innoculated with the same inoculum, 4 developed tumors.
After 4—6 weeks of nodule growth, the animals were sacrificed by cervical
dislocation and the nodules removed for histopathology. These experiments

/ere repeated 4X with frequencies of tumor formation of 4/6, 3/6, 5/6 and
3/6. They were fixed in 10% formalin, embedded, sectioned and stained with
hematoxylin and eosin. To date, similar results have been obtained in
8 successive attempts while 200 irradiated untreated non-inoculated animals
have not formed tumors. Fifty mice received a cell pack of 5 X 10° cells from
5 different lines and from 5 different tissues. In all the mice the bieb
regressed within 72 h and the mice died 1—1.5 years later of natural causes.
At autopsy there was no evidence of tumor at the site of injection of the cell
pack.

DISCUSSION

Several parameters of putative changes in human foreskin cell populations
during passage from the early stages of the transformation process to the late
stages (growth in nude mice) were evaluated. Characteristics associated with
UV-irradiated cell populations as early as PDL 5 and after discontinuation of
the carcinogen treatment were altered colony morphology [1], altered
saturation density {1) growth at 41°C and growth in 1% FBS-supplemented
growth medium. Altered colony morphology was observed within 3 PDL
after discontinued treatment. Immediately after \he completion of S (8.2h
in length) the cells were split 1 : 10 and part of the treated cell population
was cloned at 1000 cells - cm 2, We observed colonies in the flasks or wells
that exhibited a loss of contact inhibition and a criss-cross, disoriented piling
up of the cells. These populations, when isolated from the rest of the
colonies in the culture, gave rise to cell populations that exhibited abnormal
morphology and an absence of the long parallel wholing growth patterns in
normal untreated cultures. It was from these abnormal colonies that the
transformed cell types (exhibit anchorage independent growth) arose. We
observed 2—4 per 25-cm~? well. In 8 treated wells we found 2 abnormal
colonies that would grow in soft agar. Individual abnormal colonies also
have to be serially passaged for 16—20 PDL before they would grow in soft
agar. In each situation the frequency of growth in soft agar was similar;
10735, In human cell transformation studies, abnormal colony morphology,
while important as a tool to aid in determining if a transformation event
happened, was not a reliable marker to quantitate the transformation events.

In the refractory cell populations that would not exhibit anchorage indepen-

dent growth, no abnormal colonies were observed during the early stages of
the expression stage. These same phenomena have been observed for
chemical carcinogen treated cell populations.

After 10 PDL, irradiated cell populations exhibited an alteration in lectin
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agglutination profiles and grew at a temperature of 41°C. In fact, we found
that 2—3 serial subpassages could be manipulated at 41°C. Normal cells will
not survive 24 h at that temperature. However, at this point the cells still
would not grow in soft agar, nor were they able to produce tumors in nude
mice. Serial passage to 20 PDL was required to produce populations that
would grow in soft agar.

After passage through soft agar and tumor formation in the nude mouse,
UV-geated cell populations were able to grow to a finite PDL of 120—140.
Cells with a normal phenotype phased out at PDL 40 ¢ 5. It is interesting
to note that UV light has been shown to induce carcinogenesis in the skin
of man although it has weak penetrating ability. UV light can be differentia-
ted from X-ray by the specific nature of the induced damage and DNA repair
processes. Owing to its particular features UV light, unlike many chemical
carcinogens, does not require antecedent metabolic activation or specific
binding before an interaction with cellular DNA.

The slopes of the toxicity profiles (survival curves) are similar to those
seen for 10 T1/2 cells [17] on a per cell basis (Fig. 2). When we evaluated
the survival response patterns of cells at risk 12 and/or 40 h after initiating
treatment (4—8 h prior to the reinitiation of scheduled DNA synthesis), we
found that by growing the cells at a low cell density the toxicity slopes
(Fig. 3) were very similar to the slopes measured on a per cell basis (Fig. 2).
We did note the presence of abnormal colonies and it was from these
colonies that the neoplastically transformed cell populations arose. If we
plotted the numbers of these abnormal colonies as a function of the dose
in J - m~? recorded as a frequency relative to the number of normal colony
phenotypes, the optimum numbers of transformants occurred at a survival
dose of 50 (EDg,) (Table II). At an ED,s the frequency of abnormal
colonies was zero. The frequency of abnormal colonies we observed at
ED,s was 107*%; at an EDs, it was 107>?; at an EDs, it was 1073 (Table III).
The same observations have been made for cell populations treated with
chemical carcinogens of the type whose action does not require activation
[1]. As in animal cell systems, treated human cells serially passage 24 h
after exposure of the cells to UV, to give them time to replicate, enhances
the formation of abnormal foci. .

Therefore, in order to produce cell populations in the initial stages of a
transformed phenotype the transformed cells must be allowed to replicate.
When the treated cells were permitted to remain in a confluent density or
non-proliferating phase of growth after treatment, no transformed cell
populations were obtained. Contrary to the observation by Little [18] that
survival is enhanced when mouse cells are left in growth-inhibited conditions
after X-irradiation, human cells at that point are lost from the transformed
phenotypic populations. However, the rate of repair processes in rodent
cells is much slower than in human cells, which may explain why rodent cells
must be allowed a longer repair time before they replicate and establish a
transformed phenotype.

Since we can optimize the transformation events by irradiating NFS cells
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in S, while treatment in G,, or G; or M minimizes the events (Milo and
DiPaolo, unpublished data), we believe that the process of UV-induced
carcinogenesis in humnan fibroblast cells is complex, error prone and subject
to critical timing of exposure to UV at an appropriate dose of the physical
carcinogen. Following a selection process, the expression stage can be
controlled "y allowing at least 20 additional rounds of proliferation to occur
before the cells will passage through soft agar and form tumors in the mouse.

In conclusion, we agree that the rate of recovery of cloning ability of
human fibroblasts after UV treatment shows a correspondence with the
ability of the cells to recover from the potential lethal effects of the
irradiation [6]. However, we have found that even though we can demon-
strate UV-induced transformation at toxic doses of ED;, or less, we cannot
demonstrate transformation at higher toxic doses or lower non-toxic doses.
Therefore, we feel that cell populations contain subsets of cells that are
susceptible to carcinogen(s) but are lost from the total cell populations by
modulation of the normal phenotype upon prolonged exposure to the tissue
culture environment.
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PRESENSITIZATION OF HUMAN CELLS WITH EXTRINSIC SIGNALS
TO INDUCED CHEMICAL CARCINOGENESIS
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Fw-kh—denvod low-passage human cell popuhdom

gens when tha ceils were blocked in G,, rei d from
the block, and treated with either the carcinogen N
mathylk Nnitro- Nenitrosoguanidine  (MNNG) or with
AﬁmmblmmSWoldnu“cydo.w
and gh dium was required o effec-
Mbhdu\.whmdnc,p‘nod.w insulin,
mdvdhwwmumwm
cail p i t whan added |10
»muwmmsmw
colla kept blocked in G, period for 48 h or longer, re-
lensed and treated in $ period with MNNG or Aflatoxin
llmmm nor did craneformation occur
itized cell ions treated in G, (4.5 h), M
(l.Sh)orG(l.lh).thWfrwn
cails grew 23 colonies in soft agar ac |6
NPDLW'mulhd‘mndlmmm&ohudhom
the soft agar were inj car ly into nude
mics, aumors developed.

Serially subpassaged human cells grow in vitro as
randomiy proiiferating monolayer cultures with sub-
popuiations capable of different rates of scheduled
(Cristofalo and Sharf, 1973) and/or unscheduled
DNA repair synthesis (Hart and Setlow, 1976). With
continued subpassaging the non-proliferating popu-
lations constitute a progressively larger proportion
of the total cell population. These changes in cell
cycle kinetics with serial subpassaging could be due
10 a decrease in proliferating subpopulations (Cris-
tofalo and Sharf, 1973; Merz and Ross. 1973: Turk
and Milo. 1974; Milo and Hart, 1976) or to a length-
ening of the G, or G, cell cycle phase (Grove and
Cristofalo, 1977). In the terminal passages of Phase
HI. unscheduled DNA repair synthesis also de-
creases in subcuitured human diploid popuiations
(Milo and Hart, 1976).

The expression of the transformed phenotype af-
ter a carcinogenic insult requires preferential ceil
multiplication. The failure of cell proliferation and
fixation of the initial transformation event result in
the chemically treated ceils becoming part of the cell
population belonging to a permanent resting phase
of the cell cycle. In this way, prevention or suppres-
sion of cell transformation would occur.

We have previously demonstrated that chemicai
carcinogen-induced transformation of human cells
occurs in low-passage populations that are first
blocked in G,, rejeased from the block. then treated
in § (Milo and DiPaolo. 1978). The current study
shows that several chemicals may sensitize cells and
alter the subsequent transformation response of hu-
man cells to chemical carcinogens.

MATERIAL AND METHODS
Cell cultures

Neonatal human foreskin cell suspensions ob-
tatned by collagenase dispersion (Riegner er ui..
1976, were seeded into 25-75 cm? flasks and pro-
duced confluent monolayers within 48 h. These cell
cultures have a finite repiicauve capacity of 35 = 7
popufation doubling (PDL). Cultures containng
rapidly proliderating cells (Cristofalo and Sharf.
1973) were arbitrarily assigned to level 2 after the
first subpassage. All popuiations were routinely pas-
saged on Eagle's munimum essentiai medium
(MEM) supplemented with non-essential amino-
acids, sodium pyruvate. gentocin, glutamine. 25 mm
Hepes at pH 7.2 (Milo and DiPaolo. 1978) and 10%
fetal bovine serum (FBS). All FBS used in the above
corpiete medium (CM) for these experiments was
first analyzed for content of hydrocorusone (HC).
17-B-estradiol (E,). progesterone (P). cortisone (C)
(Milo er al.. 1976), and unsaturated fatty acids
(Huttner er al.. 1978). FBS selected for the car-
cinogenesis-synchronization experiments optimally
exhibited growth potential of 40-50% colony-torm-
ing etficiency in cultures seeded at 250 cells/25 cm*
flask.

G, period

To block the human cells in the G, period. several
variations of Dulbecco’s modified minimum essen-
tial medium (DM) deficient in specific amino-acids
were used: lacking either leucine-giutamine.
isoleucine-glutamine, leucine-arginine. 1soleucine-
arginine, or glutamne-arginine combinations, or
one of the individual amino acids. The technique
used to block the cells in the G, period was modified
from the Tobey and Ley procedure (1971). Cell sus-
pensions of 5, 000 cellsicm? were seeded onto four
microscope slides and placed in 176-cm Petri dishes
containing 50 mi of each amino-acid-deficient DM

Received: August 11, 1980.

Abbre Population doubiing, PDL; fetal bovine
serum, FBS; complete medium, CM; hydrocortisone, HC:
17-B-estradiol. E,; progesterone, P; cortisone. C: Dulbec-
co’s modified minimum essentual medium. DM; Minimum
essential medium, MEM: specific activity, S.A.; 9-0c-
tadecenoic acid (oleic acid). C 18:1; arachidonic acid
(eicosatetraenoic acid-5.8,11.14), C 20:4; dibutyryl cvclic
GMP, d<GMP: insulin, IN: phorbolmvnsme acetate,
PMA; anthralin, Anth; V-methyl-V'-mtro-N-nitroso-
guanidine, MNNG: human nasopharvngeal carcinoma ceil
line, NPC; SV-I0 transformed WI-26, VA-4; Eagle's basal
medium. EBME; Low calclum-Eagle's basal medium:
LoCal-EBME.
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medium supplemented with dialyzed 10% FBS (d-
FBS). Cells were incubated in 2 4% COs-enniched
ar atmosphere at 37°C. The cultures were released
from the G, period block by exchanging the amino-
acid-deficient medium to growth medium (CM) con-
sisting of Eagle's MEM 10% FBS. with the addition
of [YH]thymidine (1 «CUS ml) and, where appropn-
ate to the experiment. an extrinsic factor such as IN.
The radiolabeiling period for continuously labelled
cells was 96-144 h (S.A. 6.0 Ci/mmoie of [*H]thy-
midine) or for gulsc -labelled ceils, 30 min (S.A. 60
CiVmmole of [’Hjthymidine). The CM, including
radiolabelled thymidine, was replaced every 24 h in
the continuously labelled culture. After the biock
was removed, chemicals known to alter cellular
DNA synthesis were suspended in CM and added to
the cell population at either 24, 48, 72, 96 or 120 h.

Chemicals

The extrinsic factors studied for their effect on the
S phase of the ceil cycle were ofeic acid (9-oc-
tadecenoic acid (C18:1); arachidonic acid (eicosatet-
raenoic acid - 5. 8, 11, 14 (C20:4) (Nu-Chek, Ely-
rian, Minn.; Hurttner er al., 1978) at 5§ ug/mi. dibuty-
ryl cyctic GMP (d-<GMP) at 2.07 ug/mi; insulin (IN)
at 0.5 U/ml; 17-p-estradiol (E.) at | ug/mi; hydrocor-
tisone (HC) (SchwartzzMann. Orangeburg, N.Y.) at
1 ug/mi: phorbol-myristate acetate (PMA) (Consoli-
dated Midland Corp.. Brewster. N.Y.) at | ugmi;
and anthralin (Anth) (Pfaltz and Bauer. Inc., Stam-
ford, Conn.). Chemicals were dissolved in acetone
{Spectrar Grade, Mallincrodt, Inc. Paris. Kentucky)
under red light in an argon atmosphere. and main-
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FIGURE | - Human foreskin ceil populations were
seeded at a cell density of 5,000 ceils’em® onto a 15-mm
diameter microscope slide or a coversiip. These seeded
slides were then placed into 2S-cm® dishes containing 5 mi
of DM supplemented with 10% d-FBS minus argimne-
glunmme (@—@), minus leucine-giutamine, (A—A), or
minus isoleucine-giutamine (O—O). and monitored for the
presence of radiolabeiled interphases for 96 h after seeding.
The deficient medium was replaced every 23h. [*Hlthy-
midine (1 CiiSmi: S.A. 6.0 Cummole) was added at the
time when the ceily were seeded into the DM. The
radiolabel was replaced every time the DM or CM was
repiaced. Four samples were taken at 1 h over the %6-h
penod. fixed and prepared for autoradiography (see text).
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FIGURE 2 = Human foreskin cell popufations at satura-
tion density were seeded at a cell density of 5.000 cellycm?
These populations were not permitted to remain 10 satura-
ticn density for more than 16h prior to seeding. The cells
were suspended by trypsinization ( Riegner er al., 1976) and
the ceils recovered by centrifugation at 650 g. The pellet
was resuspended into expenimental medium A and seeded
onto 15-mm diameter microscope sides or coverslips for 6h
to attach to the substrarum. These cultures were kept in
this deficient medium for 24h (@-—@) (sec legend to Figure
1) or 48h (&—A). The block was removed bv the additon
of 10% FBS-supplemented CM contaiming 2 mm arginine
and 1| mm glutamine. One «Ci of [*Hlthymidine 16.0 Ci
mmole)/S ml was added to each amino-acid-deficient ex-
perimental medium and each complete growth medium. In
each case, both medium and radiolabelled thymidine were
replaced at every 24-h period from seeding to compjetion
of the expenment. Cells kept continuously in CM and se-
nally subpassaged into CM were sampied every 2h from 0h
up to 96h (C—0) post seeding. Proliferating cell popula-
tions were seeded into expenimental medium A for 24h
(@—@); four sampies were removed every 2h from Vh (at
24h) up to 96h. The block was removed at 24h. Additnonal
populations were left in expenimental medium up to 48h
(&~—a) then the block was removed. Apother popuianon
was left in the amino-acid-deficient medium from Uh up to
120h (&—a4). The medium plus {’Hlthymmudine was re-
placed every 24h.

tained in stock solutions of | mg/mi. The carcino-
gens. aflatoxin B, and .V-methy{- V' -nitro-V-nitroso-
guanidine (MNNG). were dissolved in acetone and
stored at -19°C until immediately prior to use. The
final culture concentration of acetone was 0.02%.
Ceil cuitures that had been puised with [*Hlthy-
midine (60 Ci/mmoie) for 30 min. or continuously
(6.0 Ci/mmole) for 120 h, were acid-washed™with 0.1
N HCl 1o remove free [‘Hlthymidine. The culture
shdes were fixed in Carnoy’s soilution or methanol:
acetic acid (3:1. v/v), dipped in Kodak NTB-2 emui-
sion, exposed for 3-4 days at 12°C, developed in
Kodak D-19 developer, fixed in Kodak fixer 197-
1746, and stained with filtered Giemsa.

Preparanion of metaphase chromosomes

Rapidly proliferating cell cultures at PDL 1-S were
prelabelled with | «Cumi [*H]thymudine (6.0 Ci
mmole) for 24 h, Grains were found on 100 % of the
interphase nucler. Com anion cultures radiolabelied
in the same manner were fed every 24 h with amino-
acid-deficient DM (pH 7.2) supplemented with 10%
Jd-FBS. Sixteen to 24 h later the deficient medium
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was teplaced with CM: 0.1 ug/mi coicemide was ad-
ded 3 h prior to fixation. Samples were removed
every 30 min beginning 4 h into the S phase. fixed in
Carnoy's solution and either stained with aceto-or-
cein before being dipped in Kodak NTB-2 emulsion
or post-stained with Giemsa following development
\Baserga, 1967) 4 days later in Kodak D-19 de-
veloper and fixation in Kodak fixer 197-1746.

Growth in soft agar

Two transformed cell lines were used as positive
controls for evaluating the growth potential of chem-
«cal carcinogen-treated cells in soft agar. These were
a human nasopharyngeal carcinoma cell line (NPC;
gift from Litton Bionetics. Kensington. Md.) and an
SV-i)-transformed lung cell line (VA< from the
A.T.C.C.. Rockville, Md.). Both grew in soft agar
(0.35% containing LoCal-EBME-supplemented
with 20% FBS) over a | % or 2% agar base contain-
ing RPMI 1629 growth medium supplemented with
20<% FBS (Milo and DiPaolo. 1978). The frequency
of bolus formation with NPC and VA-4 after 9-11
days was 70-80° and 30-85%. respectively. The
chemucally treated cells were seeded at 50.000 cells/
25 em*” well (Milo and DiPaolo. 1978) and examined
11 days later.

Growth in nude mice

Nude mice. purchased from Sprague-Dawiey
{Madison, Wisc.) were delivered at 6 weeks of age.
Mice between 10 and 12 weeks of age, previously
subjected to 450 R whole-body irradiation. were in-
oculated subcutaneousty with 10°-1075 NPC-cells
per inocolum into the subscapular region. After 24h
the initial bleb regressed and -6 weeks later a tumor
0.6-1.2cm in size was excised. The optimum in-
oculum size was 5 X 10° cells. VA~ cell inocula re-
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FIGURE 3 — Randomly proiiferating ceil populations that
were not in saturation density arrest for more than 16h
were seeded into CM (C—O) or medium A (88— @) and
allowed to attach for oh (>95% attachment was Jeter-
muned by fixatuon, stawning and counting the number of
cells that attached to the substratum versus the number of
cells seeded). All populations seeded into medium A were
transferred to CM plus 2 mm arginine and | mM glutanmune
and erther HC. C20:4, E, (A—A4): or IN |8—aA); or PMA
(@—@): or Anth (@—@); or d<GMP (T—C) added to
each separate cuiture at 24h. [’ H]thymidine was added to
the cultures as described 1n the legend to Figure 2. Cultures
were re-fed every 24h over the 120-h penod.

gressed in 24h and no visible wmor was seen in the
20 inoculated mice after a 6-month penod. The
tumor incidence in NPC-inoculated mice was 5/10.
The chemical carcinogen-treated cell populations
were inoculated at a cell mnoculum size of 5x10°
cells in 0.5mi volume 10 the manner previously de-
scribed and submurted for pathology (Milo and Di-
Paolo. 1978). After 4-6 weeks the tumors were re-
moved and submutted to pathology.

RESULTS
Cell block

Cells from amuno-acid-deficient DM preparations
supplemented with 10% J-FBS contained varying
numbers of radiolabelled nuclei (Fig. 1). At 9oh
cells maintained in DM minus glutamine and ar-
ginine (Medium A), minus leucine and glutamne
(Medium B). or minus isoleucine and glutamine
{Medium C) contained 3, 37 and 57 % radiolabelled
interphase cells, respectively.

In DM-deficient media lacking only one amino
acid (i.e., arginine. glutamine, leucine or isoleu-
cine), the cell populations coatawned 50-70 % radio-
labelled interphases over a 96-h period. A 65 % n-
crease in cell numbers 10h after the S period corres-
ponded to the number of radiolabelled interphase
nuclei observed.

Medium A was selected for blocking the cells in
G,. and sampies were checked at 2-h intervais. Cell
populauons seeded for 13h in medium A and trans-
terred to CM for 72h contained 67-72% radiola-
belied nuclei. Cells kept in medium A for 48h pnor
to transfer 10 CM contained 3542 % radioiabelled
nuclei at the end of an additional “2h peniod. The
area in Figure 2 between the curves for randomiy
proliferating ceil populations (open aircles) and the
cells hetd in medium A for 24h (filled circles) repre-
sents cells that respond to IN, Anth. E,, or PMA
treatment (see below). The area descnbed by the
cell population that was held in medium A for 48h
(Fig. 2, triangles) represents a population that will
not totally respond to added signals such as IN.,
Anth, or E,.

Effect of exogenous factors on cell growth

Cell popuiations were transterred from medium A
to CM after 24h and one of the following chemicals
was added: IN, HC, C20:4, E,. d-<GMP, PMA. or
Anth (Fig. 3), along with [*Hjthymidine. In these
experiments, untreated control cultures transferred
to CM after 24h in medium A contained radiolabel
in only 62-67 % of cell nucler up to 120h after trans-
fer. Either IN. C20:4. E,. d-cGMP or HC added to
CM amplified the appearance of radiolabelled nucle:
over the 120-h sampiing peniod. Anth or PMA did
not alter the profile of [*H|thymidine incorporation
into nucler. IN-treated cells recovered from the
block more rapidly than any of the other cultures.
Whenever treated cuitures were removed from the
experimental medium and passaged. the normal pro-
liferative kinetics resumed by passage 2 or 4. The
PDL nme after a 1:] split was approximately -3
days at PDL 2. In no case was the lifespan of cuitures
appreciabiy altered from 37+7 PDL.




g

B LABLLED WIEAPRASES
L §

35 38 8 ¢

@

G @ % 8 38 64 1 80 & 06 Oa I 10 18 38 ee
‘et a
FIGURE 4 = Cell populations used 1n these expenments
were prepared and seeded in the same manner as Jescnbed
1 the legend to Figure 3. However. these cuitures were
released from biock after 48 h. [ *H]thymudine was added to
medium A and.or CM as decnbed in the legend to Figure 2.
Control cultures (@—@) were released after 48h and IN
(C—=Chor HC tA—a) was added Other compounds listed
in the legend to Figure * :nduced responses ntermediate
between those of IN- (T-=") or HC- (A--A) treated cul-
tures. These compounds were added to CM 48h after re-
placement of medium A. The untreated control cultures
were left in medium A (S—c). {'Hjthvmudine was added
to the cultures at seeding and every 24h upon replacement
of medium A or CM.

To further study the etfect of these compouads on
the proliferauve capacity of the cells. populations
were maintained in medium A for 48h (Fig. 4} be-
fore treatment. Untreated control cells 1n these ex-
penments contained 43 “c radiolabeiled nucle: 48h
after transfer from medium A. IN-treated cell popu-
lations contained 72 % radiolabeiled nuclei. C20:4-
or HC-treated cultures sampled for up to 120h :n-
corporated [’H|thymidine into no more than the
T2% of nucler labelled at 48h. Agan, in Anth-or
PMA-treated cultures the labeiling profile did not
differ from that of the untreated cultures.

MILO AND DiIPAOLO

Since it was difficult to predict the exact length of
the lag interval before the cells in G, would begin to
enter the S period following transfer from medium A
to CM. the cells were blocked in G, in medium A tor
24h and then released. At point B (Fig. 3) etther IN
or one of the other compounds (see Figs. 1-3) was
added to the CM. At 30-mun intervals for the next
25h. sampie populations on | mm were removed and
placed in CM containing 1 U uC: of [ 'H]thymidine
(60Cimmole) in 3mi for 30min. Untreated control
cultures achieved a level of only 73 % radiolabelied
nucler. whereas cells treated with IN reached a 90-
95 feved.

When E.. Aath or d-cGMP (Table I} were added
10 pulse-labeiled cultures. the S peak occurred lh
later. Compared to untreated controls. the length ot
S (1.e.. the appearance and disappearance of labelled
interphase nucier) did not vary in any of the treated
populations. the length of S i1a all populations was
3.2h. The length of M. 1.5h. was determined by
measunng the interval for the appearance and disap-
pearance of radiolabelled metaphase plates. The in-
terval berween S and M (G.) was calculated 10 be
4.5h. The length of the cell cvcle. 22.4h, was deter-
muned by counting ceils over a 24&-h penod using
trypan-blue dye exclusion. Subtracnion of the expen-
mentaily Jetermined S and M ames and the caicu-
lated time for G- from 22.4 yvielded an esumated G,
of 8.2 1. If erther [N or Anth was added at interval B
(Fig. 3). the period most dramaucally affected was

. *+ G, was shortened from 8 2 to 6.5h between
waves of cells passing through S. G- and M for three
cvcles. After the first cvcle and for each successive
cvcle 20-229% of the ceils departed from the sva-
chrony pattern. After the second cycle. the numober
of rapidly pulse-labelled nucler decaved to that of
randomliv proliferating companion cultures. The
absolute vaiues for the total number of cells in §
vaned with tussue and according to treatment. When
expenmental sister cultures were treated with PMA.
IN. Anth or E, at point B (Fig. 3). the number of
cells in S vaned from 67-95<¢ (Tabie 1.

TABLE !

PERCENT {"HITHYMIDINE LABELLED NUCLE] DURING THE PEAK TIME INTERVAL OF SCHEDULED DNA SYNTHESIS OF
CELL POPULATION TREATMENT WITH DIFFERENT EXTRINSIC FACTORS

Trearment
Time M)
o 21 N HC € Anth PMA a<GMP Untreated
34 s 42 45 N = 1 12 i
35 "4 - ) 33 3 3 7 9
K.} €0 92 39 b} 41 38 o7 h
37 a4 31 81 91 <8 33 2 67
38 a3 - 2 67 38 18 03 84
9 <7 1] 5~ ks = N 5 k)
Concentrations used were helow the ievel rhat inh: cellular ae by reiative platmg efficency ot the cell dpopulanon

Mo er & 19782

The ceis ar S 000 cellsvem’ were niocked 1 G .n DM munus argmine Tunus gutanune mcdmm for 24 hry.. iramsferved 10 CM « 10+ FBS

contamng either aracnonc ausd. . C20 41, uuuun BhTR tunne. , HC' B . tABth}. phorpoi mynstate acetate. | PMA).
di-butyryi cvels GMP 3<GMP)Y o weus Smiot CM with one w U8 mi ot [P Hithvmidine (00Cy mmoie ;. AL )
MInule NHETVRIS § sAMDIe was removed from DM of M medsum and incudated 1n UM ~ ¢ 'Hk for M0 b . 1Xed. stanes any

Jevewoed This procedure was carmed out 81 e 34=39 pogtaceding. The percent 1abeie nucie: 18 eXPressed as (he AUMOET O rAAN0IADEIEd Interphases
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FIGURE 5 — Cell populations were seeded at a density of
3.000 ceilsicm® with DM minus arginine-glutamine, (A)
supplemented with [0% d-FBS. The cells were fixed 24h
later. stained with hematoxylin, and enumerated (conunu-
ously 95 % absoiute ptating etficiency occurs). The DM was
removed at this time and the cuitures reieased with CM
(see text) containing 0.5 U of insulin per mi. Compamon
wells containing 5 mi of CM with [* Hjthymidine were incu-
bated under the same culture conditions as for the expen-
mental DM cuitures. One «Ci of [*H|thymidine (60 Ci/
mmoie) was added. At 30-min intervals samples were re-
moved from DM or CM medium. incubated for 30 min in
the radiolabeiled CM medium, fixed. stained and de-
veloped under NTB-2 emulsion for 4 days. The labelled
interphases were enumerated. Companion slides and label-
ling conditions were used in controls except that 0.1 ugyml
of colcermde was added to the CM medium. Four hours
into S. sampies were taken and radiolabelled for 30 min in
CM. fixed. and developed under NTB-2 emulsion (see
text). Radiolabelled metaphases were enumerated and the
percentages compared to the controis were calculated (not
reported here).

Cell transformation studies

Ten hours after administration of IN or a com-
pound listed in Table [ at interval B (as the cells
were entering S: Fig. 3). aflatoxin B, or MNNG was
added to the cultures. The carcinogens were re-
moved [lh (ater and the cuitures senaily passaged
into CM containing 3X non-essential amino acids
and 21X vitamins (Milo and DiPaolo. 1978), for 15
PDL. The populations were then serially passaged
into soft agar (0.35 %. containing LoCal-EBME sup-
plemented with 20 % FBS) over a 2% agar base con-
taining RPMI 1629 growth medium supplemented
with 20 FBS (Milo and DiPaolo. 1978). After 11
days colomes were scored. removed. and senaily
subpassaged in CM. Growth in soft agar for treated
cultures ranged from no growth to 1:10%3 for aflato-
xin B,-anthralin treated cultures (Table I). Ceil
populations treated with non-carcinogenic com-
pounds and passaged through soft agar sometimes
formed short chains of two to six cells rather than a
colony. None of these ceils formed colonies in agar
when passaged a second time. Addition of IN, E,.
PMA or Anth at interval B enhanced colony forma-
tion in soft agar as compared with aflatoxin treat-
ment alone. Serially passaging the celi a second ume
in the agar increased the frequency of colony torma-
tion to H)-90%. Similar results reoccurred with

MNNG-treated cell populations regardless of
whether IN or Anth were used (data not shown
here). PMA-aflatoxin B,-treated populations. while
exhibiting a low frequency of colony formation upon
passage through the soft agar for the first ume, did
form colonies of 50-300 cells per colony, followed by
an increase in frequency in colony ‘ormation to 70
during the second agar passage.

Addition of oleic acid (C18:1), C20:4. or d«GMP
did not enhance colony formation. E, and PMA
were intermediate in their effect on colony forma-
tion by carcinogen-treated cells. while IN or Anth
were quite effective in augmenting colony formation
(Tabte [1). After carcinogen-treated cells isolated
from agar were senally passaged. 5 X 10° cells were
inoculated subcutaneously into the subscapular re-
gion of previously irradiated (4SOR whole-body)
nude mice (Milo and DiPaolo. 1978). Subcutaneous
tumors appeared at the injection site within 10-18
days. The tumors were scored + weeks later when
0.8-1.5 cm in size. Cell populations treated with af-
latoxin B,-IN or Anth, or with MNNG-IN or Anth,
produced the highest numbers of tumors ( Tabie III).
In three experiments (data shown for one experi-
ment in Table III). the order of successes was the
same. Aflatoxin B,-IN or MNNG-IN induction of
tumors was the highest. followed by Aflatoxin B,-
Anth. or -PMA. Tumors excised and examined his-
topathologically and karyologically were all con-
firmed as undifferentiated mesenchynal tumors of
human origin. To date. all cell lines that have been
grown in soft agar, and successfully senally passaged
a second time in sott agar, have produced tumors
when injected in nude mice. No cefl populfations,
after being blocked for 48 or 7Ch and treated in S
with Aflatoxin B,-IN or MNNG-IN, formed col-
onies in soft agar or produced tumors in nude mice.

DISCUSSION

As previously reported (Milo and DiPaolo, 1978).
we have successtully induced transformation of nor-
mal human cells with different chemical carcinogens.
Other reports suggest that randomiy proliferating
normal skin-cell populations can be transformed by
4-nitroquinoline oxide and MNNG. However, we
have found that successful induction of neoplastic
transformation in rapidly proliferating normal hu-
man foreskin cells by chemical carcinogens in vitro is
an exceedingly rare event. Chemicals that act as car-
cinogens in neonatal foreskin cells in vitro can dam-
age ceilular DNA (Milo er al.. 1978). but the DNA
repair systems in these normai diploid cell popula-
tions are extremely rapid and error-{ree (Maher er
al., 19T,

Randomly proliferating normal cell populations
repair over 90% of the damage from chemicai car-
cinogens in 410 h (Milo and Hart, 1976) and are
rarely transformed. There are two methods for syn-
chronizing mammalian cells in the G, phase of the
cell cvcle: one is to arrest the cells in confluence and
the other is amino acid deprivation (Peterson er al.,
1974; Jones er al., 1976b, 1977. Greenberg er al..
1978; Grisham er al.. 1979). Following reiease from
the block nearly all the cells enter S phase within 6 to
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TABLE I}

FREQUENCY OF COLONY GROWTH IN SOFT AGAR OF TRANSFORMED HUMAN CELLS TREATED WITH DIFFERENT
EXTRINSIC FACTORS AND AFLATOXIN B,

No. of treated No. of lines that grew n agar

Chemxcal (4ymb)' popuiations No. of lines seeded n agar Frequency
Controi (0) 0 ] 0
Aflatoxin-B, (10) 10 320 1:103:
Aflatoxin-B, (10) - IN (1) 10 10/10 1.10%!
IN (1) 3 23 1:10%
Aflatoxin-B, (10) E, (1) 2 2 100
E, 2 172 1:103%2
Aflatoxia-B, (10) C20:4 (1) 3 33 1:1032
C20:4 (1) 3 L3 1:10%4
Aflatoxin-B, (10) C18:1 (1) 3 1.3 1:10%°
C18:1 (1) 3 0/3 0
Aflatoxin-B, (10) d-cGMP (1) 2 172 0
d-<GMP (1) 2 02 Q
Aflatoxin-B, (10} PMA (1) 5 58 1:10¢7
PMA (1) 3 073 4]
Aflatoxin-Anth (1) 4 44 1:10%4
Anth (1) 3 173 1:10%2
' The caranogemc actvity of Aflatoun B, un cultures in the presence of added factors thac aitered the resp pattern i p d. The

exogenous factors selected for this study were insuiin ( IN): estradiol (E, ) arachidonuc acid (C20:4); olex acid (18:1): dibutvryl eycie GMP (d<GMPY:
phorool mynstate acetate (PMA): and anthralin ( Anth). Each of these tactors was added at poinc B as described 1 Figure X. Ten hours iater. as the
cells were entering S. aflatoxin B, was added 10 the cells. After the treated ceils had passed through S both the cultures treated with the factor atone
and/or caranogen and factor were removed ( (8.3 h) after pont B (Fig. 1). Coiumn | p the of the and factor aaded to
the cells. Columa 2 presents the number of lines that grew 1a soft agar/number of lines seeded in sont agar. Coluran 3 presents the b‘zquency couained
per number of lines that grew 1n soft agar. Frequency is the number of coiones formed in 21 days per 50.000 cetls seeded 1n1o an 0.35 % agar overiay
{Milo and DiPaoio, 1978). The resuits were expressed as log values to the base 10.

TABLE I

EFFECT OF EXTRINSIC FACTORS ON GROWTH OF TRANSFORMED CELLS [N SOFT AGAR AND TUMOR FORMATION
IN THE NUDE MOUSE

Treated cell poowlanons Extnasnc facrors m&ﬂm Z:". Growth 10 aude mouse: 'ifé_"é"mm cmpe’

Aflatoxn B, None + + 1.8
IN + + hri
Anth + + 577
PMA + + 8
E, + + Y11
C20:4 - -
C18:1 - -
HC - -
d-cGMP - -

None None - -

MNNG None + + U1l
IN + + 5
Anth + + 55
PMA + + 39
E, + + 28
C20:4 - -
C18:1 - -
HC - -
d-<GMP - -

None None - -

Column one identifies the carcinogen used to treat each of the transformabie ceil pop The factors seiected for thus srudy were

aither msuiin (IN); estradiol (E): anthraun (Anth): phorbol mynstate acetate t PMA): arachidonx acid (C20:4); olewc acud (C18:1); hvdro<cortisone
(HC): or dibutvryliclic GMP (d<GMP). * The frequency of growth m soft agar represents the number of lines that grew in soft agar. Plus (+}
represents (00 < of liney that were seeded produced colonies 1411 days after seeding 1110 0.33 % sort apr over a 5 mi 2.0% agar base (see text for
ocmhi Minus (=) none of the lines seeded grew 1 soft agar. Mummum number of Lnes seeded was 5. * Transformed ceils from all (+) lines were
d at a cell of § X 10 ceils/0.5 mi into the subscapuiar repion of the 1rradiated nude mouse. The tumors were allowed to grow 0
}.6=1.2 cm n size (Milo and DiPaolo. 1978). Non-transformed cell lines 1-) did not form tumors. * This column represents the number of muce that
produced tumors 4 weeks after injection of the cell pack pet total number of mxce injected for a single transformed cell line solated from agar. Repeat
<xpenments with ocher traasformed cell lines vielded simular resuits {4 other lines per trearment). Controi (untreated cells) inocuia did not grow in soft
agar and when njected directly from culture 110’ cells per nocwium) nito the mouse the bieb(s) regressed in 23 hours.
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8 h. C;H 10T1/2 cells arrested in this manner, re-
leased and treated with MNNG in S phase. exhibit
an increase in seasitivity to MNNG and become
more teadily transformed. However, isoleucine-de-
ficlent medium does not block human ceils in G,.
Furthermore, release of human cells from block by
cefl subpassaging, after density-dependent inhibition
in G, with carcinogens over a [0-h period, does not
result in a carcinogen-induced transformation event.
In fact, the transformation of human cells at early
passage levels is inhibited if the transformable ceils
are kept in a density-inhibited state for 3-16 h prior
to subpassaging. Moreover, cultures held in the G,
phase of the ceil cycle for more than 24 h cannot be
transformed when treated with aflatoxin B, or
MNNG in the S phase. A double amino-acid-defi-
cient medium (minus glutamine and arginine) was
necessary 1o adequately block the cells in G,. Aug-
mentation of the transformation occurs when IN,
Anth. E,. or PMA are added to the cultures prior to
carcinogen administration. The major difference be-
tween the effectiveness of atlatoxin B, and MNNG
as carcinogens appears to be chie time at which the
compounds are added to the celis entering S.
MNNG is more effective if added early in S (0-4 h
after recovery from the amino acid block) while af-
latoxin B, is more effective if added from 2 h before
S 1o 4 hinto S. The incidence of transformation was
reduced to less than 1 out of 10 when these com-
pounds were added to thecellsinlate S(4to8hinto S).

IN. PMA, E;, and Aath modulate the expression
of other transtorming agents. and the effects on
chemical carcinogen-induced carcinogenesis are not
unique. Enhancement of virus-induced transforma-
tion by some of the same chemical tactors used here

occur with E. (Milo erui.. 1972), HC (Schallererai .
1976). and PMA (Weinstein er af.. 1979). these
chemicals can interfere with semiconservative DN A
synthesis (Milo and Hart, 1975). Modulation of cel-
lular functions is not an unusual response by ceils to
the presence of these compounds and thev obviously
facilitate transformation by chemicai carcinogens.
This suggests that, as in the 3T3 system described by
Grisham er al. (1979), human ceil subpopulatons are
sensitized in S to carcinogens by amino-acid depnva-
tion and reconstitution. This sensiization 1s en-
hanced by Anth, IN. PMA or E, at pharmacological
concentrations of the drugs.

Many of the compounds studied here E.. HC.
C20:3, C20:4, IN) are components of fetal bovine
serum and serve as naturai regulatory agents of pro-
liferation; the action of PMA has been suggested to
resemble that of hormonai agents. The pleiotypic
responses of subpopulations to the carcinogen treat-
ment may be induced by pretreacment with PMA.
E.. Anth or IN. Therefore. after subsets of popula-
tions have been moduiated by being kept in G, for
48 h or serially subpassaged (n vitro to PDL >8. the
cells no longer respond to the extrinsic factors in the
presence of the carcinogens.
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SUMMARY

Routine in vitro cultivation of human epithelial cells derived from foreskin and free of
contaminating fibroblasts has been achieved without the addition of conditioned medium
or extrinsic factors. Epitheliai cell ponulations could be serially subpassaged and exhibited
modulating responses at PDL5 to culture conditions as the cells passed from: phase 1
through phase 2 of their life span. The cell population in early phase 2 gave rise to tissue
sheets that exhibited characteristics typical of human foreskin epidermis including the
formation of distinct cellular layers. viz. strata basaiis. spinosum. granulosum and
corneum. Typical keratohyaline granules were not observed in the epithelial cells although
a distinct cornified layer was evident. Ultrastructuraily, desmosomes and tonofilaments
were readily apparent. Thus, the procedure detailed in this study will produce highly dif-
ferentiated fibroblast-free epidermal sheets reaching several centimeters in size and which
can be removed {rom the substratum as a single sheet of organized epidermis. The epi-
thelial cells could be cultured through 20 = 3 PDL. whereas fibroblast cultures derived
from foreskin cultures exhibited 40 = 5 PDL and mixed cell cuitures of foreskin were car-
ried through 43 = 5 PDL.

Key words: epithelial cells; human skin cultures; skin epithelial cells; epidermis culiture:
uitrastructure of cultured epithelial cells.

INTRODUCTION 19} reported that bv the use of a dermal collagen
bed derived from sterile pig skin. human epi-
thelial ceil cuitures were estabiished in 129 of 140
attempts; the cultured epithelial cells grew in the
absence of fibroblasts or their products texcept
collagen). Earlier. we described a method for the
enzymatic dispersion, growth and serial subpas-
sage of primary cultures of human fibroblasts de-
rived from foreskin 110}; epithelial colonies were
occasionally noted in these cultures after subpas-
sage. We have now modified the cuiture technique
in a manner that permits not only the establiish-
ment of pure populations of human fibroblasts
but. more importantly, allows for the successfui
establishment of pure human epidermai epithelial
mmpmnd in part by N.LH. N.C.L cell cultures. The human epithelial cells were
ROL-CA-2597 and Air Force Office of Scientific Re-  §rown successfuily without the addition of extrin-
search F49620-77-CO110. sic growth factors or collagen substrata and have

20

Reproducible in vitro cultivation of normal pro-
liferating human epithelial cells has been difficult
to achieve with present methodologies and the
procedures developed to establish primary epi-
thelial cell populations have resuited in a low rate
of success 1-4). Enhanced establishment of epi-
thelial cell populations from explants (5.6} occurs
with the addition of fibroblasts or extrinsic growth
factors, i.e. products released from cultured fibro-
blasts iconditioned growth medial i 7). epidermal
growth factor 13) or hydrocortisone 18), to the cul-
tures or culture media. Recently, Freeman et al.
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been seriaily subpassed. fibroblastiree. on a
routine basis. Epitheiiai cells could be grown to
form large multilayered epidermai-like sheets in
which the ceils showed differentiative characteris-
tics consistent with those noted in normal intact
epidermis for a limited number of PDL; IPDL 5).

[t i3 the purpose of this report to detail the
methodology used for the routine culture of
humaan f{oreskin epitheliai cells tkeratinocytes).
which grow to form large muitilayver cell sheets.
The growth characteristics and morphology of the
cultured ceils also will be described.

MATERIALS AND METHODS

Preparation of cell suspensions. Human fore-
skin was obtained from infants at the time of cir-
cumcision. The epidermis was dissected carefully
from the underlying connective tissue dermis and
cut into 2-mm pieces in IEM-Hanks" balanced
salt medium coantaining 25 mM HEPES buffer at
pH 7.2 [ICM) culture medium]. The tissue was
rinsed three times in this medium and the tissue
fragments transferred to 20 ml of CM medium
supplemented with 20% fetal bovine serum FBS)
containing 0.25% collagenase 1115 U per mg.
4197 CLS., Worthington Biochemical Corp..
Freehold. New Jersevl. Enzymatic tissue disper-
sion was done at 37° C in a8 4% CO;-enriched air
atmosphere for 3 hr or overnight. Cells were re-
covered from suspension by centrifugation at
150 x g for T min at 4° C. The cell pellet was
washed twice with CM medium and seeded into
T5>-cm’® flasks. After seeding. the cell cultures had
to be refed at 48 hr with 15 ml of the CM medium
supplemented with 20% FBS. Three to five days
later. cuitures were observed for the appearance
of epithelial colonies. and the mixed ceil cuitures
were allowed to grow to confluency. It should be
noted that epithelial ceil growth was dramatically
iohibited by addition of either penicillin. strepto-
mycin. aureomvein or fungizone. Therefore, anti-
biotics were not added to the cuiture medium.

Preparation of epithelial cell cultures. At con-
fluent density or when cultures reached a diame-
ter of 5 to 9 mm, primary mixed ceil cultures were
trvpsinized in order to remove fibroblasts. The
longer the cuitures were left in confluent density.
the more difficuit it became to selectively remove
the fibroblast population: 16 hr after the cultures
reached confluency proved an optimum time to do
this. CM was removed from the mixed ceil cul-
tures and the cuitures rinsed twice. One milliliter
11.17 trvpsin { Worthington Biochemicai Corp..

lvpholized 9300 BAEE U per mg. lot TL-3BP) in
CM was layered over the cuiture monolayers.

After 90 seconds. the fibrobiasts floated off the
substratum while the epithelial sheet remained
firmly attached to the substratum. The enzymatic
action was stopped by the addition of 10" FBS-
supplemented CM. Residual fibroblasts were re-
moved by rinsing the flask twice with growth me-
dium. These fibroblasts were seeded in separate
culture vessels and subpaseed as previously de-
scribed 110). The epitheiial cuitures were fed with
11.5 ml CM medium. !.5 mi FBS and 3 mi mini-
mum esseatial vitamin mixture (100x concen-
trated) (CM pius vitamin supplemented 1CM-V),
Microbiological Associates. Waikersville, Mary-
land]. The reduction in suppiementation of FBS
from 20 to 10% or even 3% diminishes the growth
rate of residuai fibroblasts while not adversely ai-
fecting the growth of the epithelial ceils. Tryp-
sinization was repeated 2 to 4 times at 3-day inter-
‘vals. Epithelial cultures were allowed to grow for
at least 2 weeks and were refed every 4 davs with
CM-V,

Serial subpassage of epuhelial cells. Subpas-
sage was initiated within 2 to 4 weeks after seed-
ing of the primary cultures. In preparation for
subpassage, the CM-V medium was decanted and
the epithelial ceil sheet rinsed with 10 mi of Mg**-,
Ca'i-free MEM containing 0.02% tetra sodium
ethvlene diaminetetraacetate |1EDTA; Eastman
Kodak. Rochester, New Yorki at pH 7.2. Cul-
tures were then treated with a 0.1% trypsin solu-
tion in Mg"!- Ca'-free MEM, 0.02% EDTA. for
Q) seconds. Trypsin activity was neutralized by
addition of 15 mi of CM-V medium containing
107 FBS. The epithelial colonies lost continuity
and individual ceils became detached from the
substratum. The dish (or flask) was gently shaken
increasing detachment: free ceils floated in the
medium.

The free-floating epithelial cells were recovered
by centrifugation at 130 x g for T min., and the
cell pellet was resuspended in CM-V medium sup-
plemented with 10% FBS. After rinsing the peilet
once in CM-V medium. the suspended cells were
seeded into 25-cm’ flasks or plates at a cell density
of 30.000 cells per cm’. Subsequent subpassages
were done ia a similar manner. Within 13 to 20
min after seeding, the cultures were gently rotated
by hand for about 5 min to encourage aggregation
of the single ceils hefore attachment to the sub-
stratum: without this step & noticeable decrease in
the numbers of subsequent enitheiial voionies was
observed.
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FiG. 1. Colonies of epithelial ceils after 3 weeks alter seeding 30 ceils per dish 125 em?). buffered
with formalin and stained with hematoxylin ensin. x'4.

F1G. 2. Colonies of human fibroblast seeded at 1000 cells per dish 125 cm’) from PDL 2. fixed in
phosphate buffered formalin and stained with hematoxylin eosin. <!%.
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TABLE!

GHRO® TH CHARACTERISTICS oF FIBROBLAST EPITHELIAL AND VIANED Crtl PortLarionsin ViTRo

Cuiture Trpe Cels aneden 1 75 emot Cetl Doty at 7 Daver 75 eme POL Dever After s 4 Spints Lde “pan PDL
Fibroblast FERULY] 15-2lr 3 W=3
Eputheliai® 250,000 beox o 14 =3
Mixed 25000 Sl 3 43 =3

* These veil populations exhibit aiterations in morphology as thev are seriaily subpassaged.

Preparation of epithelial and fibroblase cultures
for microscopy. Cell cuitures examined for their
growth patterns and morphology in culture were
fixed in formalin and stained with hematoxylin.
For electron microscopy. epithelial cultures were
washed with CM media and exposed to .17
coilagenase in 10% FB3-supplemented growth
medium at 37° C in 4% CO,-enriched air atmos-
phere for 4 to 12 hr in order to {ree the ceils or
colonies from the substratum. These cell sheets 12
to 3V cm’ in area) were removed and fixed in 3%
giutaraldehvde in V.15 M cacodylate buifer, pH
7.4, for 30 min at room temperature or overnight
at 4° C. Confluent cultures of fibroblasts were
scraped into sheets and fixed in 3% giutaralde
hvde. Cell preparations were iubsequently post-
osmicated in 1|7 chrome-osmium tetroxide for
| hr at 4° C. dehydrated and embedded in
Araldite. Thick 11 um) sections were stained with
1% basic fuchsin in 50%% acetone or with aqueous
.17 toluidine blue for light microscopy. Thin
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sections for efectron microscopy were stained with
uranvl acetate and lead citrate.

REsULTS

Growth characteristics of epithelial and fibro-
blast populations. Epithelial cuitures. freed of
fibroblasts. grew in discrete colonies 1 Fig. 1). Cell
colonies at confluency formed large continuous
sheets 175 em*) in size. On occasion. the cell sheet
would spread up the side of the well or around the
neck of the culture flask. a feature never observed
with fibroblast cultures. Optimal cell density for
seeding of epithelial cultures was found to be
30.000 cells per cm* and a population doubling
occurred after 14 days '11). Pure epithelial cul-
tures {PDL 2 10 3) exhibited cellular suratification
rather than forming true monolayers: cells were
always found to be in contact or intimately at-
tached with the adjacent ceils of the patch or

Fi: 3. Transverse section through the more central regron of an spithelial sheet from cuitures at
PDL 1. Note stratificaton of the epithelial cells: <tratum basais. B: stratus <pinosum. =: stratum
Jgranulosum. G: stratum comeum. C. L-um Araidite section staned with basic fuchsin, * 700
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F16 4. Transverse section through the marginal
region of the epithefial <heet from cuitures at PDL 1.
Note that the number of ceil lavers and thickness of this
area is less than in Fig. 1. [ndividual strata can be seen.
Stratum basalis. B: stratum spiposum. 3: stratum
granulosum. G: stratum comeum. C. {-um Araidite sec
tion stained with basic fuchsin. <7t

sheet. These growth characteristics were main-
tained for five PDL after which distinctive
changes occurred in the growth pattern that will
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be detailed in a subsequent paper. Fibroblast
populatioas removed from the mixed foreskin cul-
tures and seeded on a separate substratum ex-
hibited typical fibroblast growth patterns
1Fig. 2). growing in definite parallel whori-iike
patterns, which were of variable size: celis were
not attached to one another. The fibroblast
growth characteristics were maintained for
PDL #0 1Table |} when cloned from 100 ceils per
cm’ or at a high density of 3.000 cells per cm-.
Saturation growth density of subcultures of fibro-
blasts decreased from 20,000 cells per cm* {PDL 1
to 13} {early phase 2} to 15.000 cells per cm’ t PDL
16 to 31) rmiddle phase 2}, and cultures would not
reach a confluent state after PDL 32 (Table 1)
1late phase 2).

Microscopy of the epithelial cell population.
Light microscopic examination of the epithelial
colonies demoanstrated their stratified nature
(PDL 1 to 51. The centrai region of the colonies
was 6 to § cells in thickness iFig. 3). whereas the
marginal zone was much thinner and consisted of
3 10 5 ceil lavers Fig. 4.

B LT T T ey

F1G. 5. Epithelial cells of the basal 1B) and spinosum (S} lavers. Note filament (F) bundles and
desmosomes | D). Several mitochondria 1M) are aiso indicated. Stained with uranyi acctate and lead
citrate. «25,.000,
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F1G. 6. Epitheliai cells {rom the upper portion of the spinosum. Cytoplasmic filaments (FI and

d +D) are promi Small cytop

gr 104 are indicated near the plasms mem-

brane. Stained with uranyl acetate and lead citrate. x30.000.

The structural organization of epitheliai sheets
was strikingly similar to that of typical foreskin
epidermis. and distinct cell layers or strata as seen
in the epidermis were readily identified. viz.
strata basalis. spinosum. granulosum and
corneum (Figs. 3.4}. The stratum spinosum of the
epithelial sheets was generaily 2 to 3 cells thick
and rested on a single row of basal ceils. which
formed the stratum basalis. The epidermal cells of
the stratum spinosum were polygonal in contour.
featuring abundant cytoplasmic filaments. Junc-
tional zones were evident between cytoplasmic
processes of adjacent cells. Prominent cvto-
plasmic granules, which stained intensely with
basic fuchsin and with toluidine blue, character-
ized the flattened ceils comprising the stratum
granulosum: this stratum varied from one to two
cells in thickness. The most superficial cell layer,
the stratum corneum. was one to two cells in
thickness. These cells were quite flat, lacked
nuclei and their cytoplasm appeared amorphous
and stained poorly; granules were not visible in
the cytoplasm. The surface of the cornified ceils in
direct contact with the culture medium appeared
thickened and was darkly stained. In some in-
stances, the superficiai cells of the epithelial sheet
were partially separated from the underlying
cells. Fibroblasts were not observed either by light
or electron microscopy in epithelial sheet cultures.

Ultrastructurally. the cells of the strata basalis
and spinosum exhibited extensive arrays of fila-
ment (tonofilaments) bundles in their cvtoplasm:

desmosomes that joined adjacent epitheiial cells
were common ‘Figs. 3.61. Epithelial ceils from
these cell zones had numerous mitochondria. scat-
tered profiles of rough endoplasmic reticulum and
Golgi complexes of modest size. The number of
polysomes and the electron density ol the cvio-
plasmic matrix were generaily greater in basal
cells than in the cells of the stratum spinosum.
Epithelial cells comprising the stratum granu-
losum | Figs. 7.8) varied moderately in their uitra-
structure. Cytoplasmic filaments of these ceils
were less clustered than noted in the stratum
spinosum. and the filaments tended to be aligned
along the long axis of the cell. Desmosomes were
common but filament attachment to these struc-
tures were less evident than seen in the stratum
spinosum. The discrete cvioplasmic granules evi-
dent by light microscopy in the granuiosal ceils
were quite conspicuous at the electron micro-
scopic level. These structures appeared as large.
irregularly shaped. membrane-bound granuies
1Figs. 8-101, which varied in size. electron density
and internal structure. Smail membrane-bound
vesicles and myelin ligures Fig. 7) were com-
monly found within these granular structures,
which indicates morphologically their similarity
to secondary lysosomes and lipofuchsin granules.
or both. Transitional stages in the formation of
these lysosomai-like granules were noted in some
granular cells and occasionaily in cells of the
stratum spinosum. which were in direct apposi-
tion with the cells of the stratum granulosum
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1Fig. 9). Typical keratohvaline granules were not
observed in the epidermal cells although present
in the native foreskin epidermis. Relatively few
mitochondria were present in the epithelial cells of
the stratum granuiosum and nuclei were uncom-
mon in this layer of the cuitured epithelial sheets.
Small electron-dense. round-to-oval. membrane-
bound granules with electron lucent clefts or zones
1Figs. 6.7) provided an additional morphological
feature of the granular cells and cells of the
stratum spinosum in immediate apposition to the
stratum granulosum. It is noteworthy that these
smail granules concentrated along the plasma
membrane on the side of the cell directed toward
the stratum cormeum. These small granules
closely resemble morphologically. and by posi-
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tion, the mucus-coating granules 'MCGi de-
scribed in normal epidermis.

The most superficial layer of the epidermal
sheet {Figs. 7, 10) resembled the typical stratum
corneum of foreskin epidermis. although this
stratum was only one to two cells thick in the cui-
ture preparations. The ceils were quite flattened
and lacked nuclei and ceil organelies. Tonofila-
ments were abundant, oriented parallel to the
long axis of the cell and embedded in an amor-
phous material of low electron density iFig. 101,
The plasma membrane was thickened when com-
pared to the cell membranes of other cells of the
epidermal sheet. Modified desmosomes. similar
to the modified desmosomes described for normal
epidermis. were evident between the cormified

-  Vap ¥ e B S . "
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Fi16. 7. Superticial portion of the epithelial sheet shows a cornified ceil 1Ci and several cells of the
stratum yranulosum. Secondary lysosomes or lipofuchsin granuies (L} are svident. In addition. note
the smail granules 101 concentrating near the plasma membrane. Stained with uranyl acetste and lead

citrate. *21,000,
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F1G. 8. Higher magnification of the secondary lysosomes or lipofuchsin granules 1 L) of granular ceil
in the stratum granulosum demonstrates their vavisble internal structure. Desmosomes are shown at D
and a portion of an epithelial celi 1C) of the stratum cormneum. Stained with uranyl acetate and lead
citrate. x27.000.

ikeratinized! cells. Transitional forms between tures of foreskin appeared quite distinct (Fig. 11}
typical granulosal cells and the superficial corni-  from the cells of the epithelial colonies and sheets.
fied cells were found. Most of these cells occurred singly. Cells in con-

Morphology of the fibroblast population. tact with one another were not attached by desmo-
Fibroblast cultures derived from the mixed cul- somes. Fibroblasts contained both smooth and

Fii. 9. Epitheiial ceil located at the junction of the stratum spi and granul Note
morphological stages in the formation of the large secondary ly or lipofuchsin granules 'L).
Cyrtoplasmic filaments (¥t and mitochondria t M) are indicated. Stained with urany! acetate and lead
citrate. .00,
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rough endoplasmic reticulum. The rough endo-
plasmic reticulurn was frequently distended and
such profiles had few attached ribosomes. Mito-
chondria were numerous and glycogen was abun-
dant; sutophagic vacuoles were pr . At higher
magnifications. cytopiasmic (ilaments were evi-
dent but were less numerous than in the epithelial
cell and did not form discrete bundles as seen in
the epithelial cell cuitures.

Discussion

We have been able to culture and serially sub-
pass epithelial cells derived from normal and
human foreskin. Pure epithelial cultures free of
contaminating fibroblasts were obtained apd
maintained in typical epithelial-like cultures
through five PDL. Epithelial growth patterns
were distinctive, and cell colonies, when grown to
confluency, formed large sheets several layers in
thickness with adjacent cells joined by desmo-
somal junctions. Self-limiting islands of epithelial
cells surrounded by fibroblasts. noted by others

using alternative procedures to prepare epithelial
cell cultures in vitro 17.9,12~13), were not ob-
served in this study. Cells comprising the epi-
thelial sheets exhibited differentiative changes
identical 10 those occurring in normal epidermis
of the intact foreskin. Distinctive cell strata were
observed in the epithelial cultures. Epithelial cells
or keratinocytes posseseed tonofilaments, desmo-
somal junctions and mucus-coating granules.
Thickened cell membranes of the enuclested
superficial cornified ceils plus modified desmo-
somes and organized tonofilaments in an amor-
phous matrix characterized these fully differenti-
ated surface epithelial cells i19). Differentiative
changes in esch cell strata of the cell sheets were
identical with those seen in normal epidermis ex-
cept that keratohyaline granules 120} were absent
in the stratum granulosum: however. secondasry
lysosomes or lipofuchsin granules were a con-
spicuous feature of the cells of the stratum granu-
losum of the epithelial cultures. The absence of
keratohyaline granules may reflect the cell’s in-
ability to synthesize these granules while rapidly

Fi6.10. Vocc the tonofilaments | F} have assumed an orientation along the jong axis of the cells of the
D

bnneofcormhedcelllC) is thickened and fine fil

tD) and secondary lysosomes (L) are evident. The piasma mem-

bedded in an amorphous matrix in this

are

superficial cell of the epithelisl sheet. Stained with urany/ acetate and lead citrate. x29.000,
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FiG 11. Cultured fibrobiasts derived from the mixed cultures are morphologically distinct from the
vells of the epitheiial sheets. There are no desmosomes and few filaments can be distinguished. Mito-
chondris are numerous. scattered dilated cisternae are evident and a number ol smail vacuoies are

present in the cytopiasm: ivcogen +Gl is @ common feature of these cells. Stained with uranvi acetate
and lead citrate. < 7.0,

proliferating or because of in vitro culture
conditions.

Variable degrees of success have been reported
in the propagstion of normal human epithelial
cells. particularly those from human epidermis or
skin. Explant culture of human epidermis com-
monly exhibited fibroblastic growth in asseciation
with the epithelial outgrowths suggesting that
fibrobiast interaction was necessary for achieving
epithelial propagation and diiferentiation 116). In
the system described here the presence of fibro-
blasts does not enhance growth of the epithelial
cell population. On the contrary, fibroblasts.
when left in mixed cell cultures. overgrow the epi-

thelial cells. thereby inhibiting epithelial growth.
After contaminating fibroblasts from mixed pri-
mary cuitures of human foreskin were removed by
selective trypsinization, we were able to subpas-
sage the pure epitheliai cell population up to five
PDL without morphoiogical aiteration. Others
1171 were able to subpass normal aduit skin
through {our subpassages with modest differentia-
tion evident in the culture strata.

Growth of human ceil populations can be af-
fected by the composition of the fetal bovine
serum (131, Traditionally. we characterize 113}
the fetal bovine serum prior to use on human cell
populations. [n addition. we have found that se-
veral types of antibiotics inhibited the establish-
ment of proliferating epithelial cell cuitures. We
have found that the growth characteristics. cell at-

_tachments. proliferative characteristics and life

span of the cultured epithelial ceils from human
foreskin were finite and were markedly different
from cell cultures arising from a mixed cell
population. Fibroblast cuitures, derived from in-
fant foreskin subcultures, when grown to conflu-
ency, ceased to grow except at terminal points of
the whorling patterns: overlapping of ceils only
occurred at these sites. In contrast. epitheliul cells
grew in concentric ring patterns and were se-
vera| ceils in thickness.

Preliminary comparison of growth characteris-
tics. as noted in Table 1, indicated that the life
spans of epithelial cell populations were diiferent
in extent of proliferation from fibroblast PDL.
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Moreover. the epithelial cell populations did ex-
hibit characteristic senescent features in vitro.
These cell populations. like the fibroblasts,
passed through phases | and 2 111) as seen by
Karasek and Liu 119. They did not exhibit
saturation density-dependent inhibition. The
piling up of the epithelial cells into strata 120,21}
may account for the increase in numbers of ceils
observed in the epithelial cuitures. We have found
that foreskins from adults can produce a ready
source of keratinocyte cells that can be grown in
vitro using the method described here. These epi-
thelial cell populations aiso exhibit the growth
characteristics associated with tissue in phase 2
and differentiative structures similar in anatomi-
cal characteristics to skin epidermis. This differ-
entiative tissue produced in vitro does not require
added extrinsic factors. such as epidermal growth
factor, pituitary extract. conditional growth me-
dium. hydrocortisone or the presence of collagen
to restrict the proliferation of fibroblasts.
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SUMMARY

Previous work with low passage synchronized human foreskin fibroblast
cell populations has indicated that benzo{a]pyrene (BP) can induce a car-
cinogenic event {3]. BP additionally has shown to damage DNA in log-
arithmically growing low passage cultures {9]. High passage cells, on the
other hand, seem to be refractory to transformation by BP, even though
this agent can induce DNA damage, similar to that seen in low passage
cells. When low passage cells were treated with BP, the initial binding of the
hydrocarbon was primarily to a cytoplasmic protein complex of molecular
weight 12,500, while in high passage ceils, a major portion of BP was bound

to a protein complex of molecular weigi . ),000. High-pressure liquid
chromatography (HPLC) profiles of th- otate extractable fractions
from the BP-cytoplasmic proteincs ' xe: ‘o and high passage cells

demonstrated that the majority o1 «..2 BP remained unmetabolized. When
nuclei were isolated from low and high passage cells prior to the HPLC
analysis, the major component (90%) was again unmetabolized BP. The
results suggest selective attachment of BP to different cytoplasmic protein

*Research supported in part by a grant from NCI-NIH-1-RO1-CA 25907 and Air Force
Office of Scientific Research Contract F49620-77-C-0110.

**To whom request {or reprints should be addreased.

Abbreuviations: PNH, polynuciear hydrocatbon; BP, benzo(a Jpyrene; HNF, human
neonatal foreskin; HPLC, high pressure liquid chromatography; Buffer A, 0.02 M Na
phosphate —~ 0.03 M Tris—HC! — 2.5 mM Na, EDTA — 0.5 mM DTT (dithiothreitol),
pH 7.5; Buffer B, 0.01 M Tris maleate — 1 mM DTT - 3 mM Ca (Ac), — 2 mM Mg
{Ac),, pH 7.5; BHT, butylated hydroxytoiuene; BP-9, 10-diol, 9,10 dihydro-9,10-di-
hydroxy BP; BP-4 5-diol, 4,5-dihydro-4,5-dihydroxy BP: BP-7,8diol, 7,8-dihydro-7,8-
dihydroxy BP; BP-11, 12diol, 11,12-d:hydro-11,12-dihydroxy BP.
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complexes of logarithmically growing human diploid fibroblast cells de-
pendent on the passage level of the cells.

INTRODUCTION

Polynuclear hydrocarbons (PNH) are a class of molecules which must
be activated to reactive metabolites in order to function as mutagens or
carcinogens. This activation involves the conversion of polynuclear hydro-
carbons (PNH)*, such as BP, to dihvdrodiols, epoxides, phenols, quinones
and water soluble conjugates [4—6,12,13]. The 7,8-dihydrodiol-9,10-epox-
ide of BP has been shown to be the major reactive metabolite bound to
DNA {14]; BP 7,8-dihydrodiol-9,10 epoxide (anti) deoxyguanosine is the
major DN A adduct formed in human and bovine bronchial explant tissue
(7). The formation and cellular processing of this covalent DNA adduct
is suspected to be a crucial event in BP-induced carcinogenesis.

Earlier reports from our laboratory have shown that BP absorbed into
human neonatal foreskin (HNF) cells in culture and first accumulates :n
the cvtoplasm (3]. Labelling of the cells with L-[4,53-*H}leucine before
treatment with { 7,10-'*C]BP indicated that the PNH is imtially bound to
a cytoplasmic protein complex (unpublished data). Distribution of the BP
into the nucleus of treated cells occurs 12 h later [ 3]. Moreover, BP treatment
of HNF cells neoplastically transforms them at passage level 3 (low passage
cells), but does not transform cells above passage level 10 (high passage
cells) [8]. Optimum transformation is observed when low passage cells
are treated with BP 12—24 h prior to entering the S phase; this treatment
causes 3.0 breaks/10* daltons of DNA {9]. The time required for optimum
BP-induced DN A damage coincides with the specific time period in which
optimum BP enhancement of focus formation occurs in SV-40 :nfected
transformable cells, i.e., treatment of the cells with BP 12 24 h prior to
infection has been shown to enhance focus formation 2-fold [11]. Since
SV-40 (viral) DNA does not need to replicate in order to be integrated
into the host cell DN A, these observations support the concept that parent
{unmetabolized) BP is directly involved in the transformation process
within the nucleus. This report presents studies on the nature of association
of BP with the cytoplasmic protein compiex and nuclei from low and high
passage cells, 12 -24 h following the initiation of treatment.

MATERIALS AND METHODS

Preparation and isolation of BP-cytoplasmic protein compiex

All extraction procedures were carried out under argon and red light to
reduce photoxidation and autoxidation.

Passage 3—25 HNF cells were grown, serially subpassaged. and treated
with BP as described earlier {3]. After seeding 48—72 h (40—60% cell
conflueney), the qrowth medium was replaced with a carcinogen-supple-
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mented medium containing 0.125—26 uM [G-’H]BP (16—40 Ci/mmol).
After 12 h of treatment, the cells were harvested and washed. The 650 xg
cell pellet {3] was homogenized in 2 ml of Buffer A and centrifuged at
100,000 x g for 1 h. The cytoplasmic fraction was partitioned with dextran-
coated charcoal in Buffer A, and 2 ml (0.2--0.3 mg/ml protein) of the
[G-’H)BP protein complex was applied to a Sephadex G-200 column
¢58 x0.9 cm). Elution of 0.5 mi fractions was carried out with 50 mli of
Buffer A at a flow rate of 15 ml/h. An aliquot of each fraction was removed
and the radioactivity assayed in a Packard Tri-Carb liquid scintillation
counter at a tritium counting efficiency of 38%.

HPLC of [G-*H]BP metabolites

Preconiluent cells were exposed to 0.072 uM [G-*H]BP (1 mCi/mli,
27 Ci;mmol) for 12 h and a 100,000 x g fraction was prepared as described
above. For the nuclear metabolite profiles, cells were treated with 26 uM
{G-’H]BP (1 mCi;ml, 27 Ci/mmol) for 24 h, and nucle: were prepared by
a modification of the procedure of Chaveau et al. { 2}. The nuclear pellet
was suspended in Buffer B and contrast-interference Nomarski microscopic
examination of the nuclear suspension indicated a 35% recovery of nuclei.

Extraction of either the BP-cytoplasmic protein complex or the nuclear
fraction was completed with 3 vols. of ethyl acetate 1n the presence of
0.8 mg/ml BHT;:he organic phase was passed over anhydrous sodium sulfate,
fiitered, dried under argon and dissolved in 0.5 ml of acetone/methanol
(2 :1 viv). Aliquots were removed for counting and the remaining sample
was dried under argon and stored at —90°C. The sample was reconstituted
with methanol;acetone;DMSO (2: 1 : 1 by vol.), non-radioactive BP meta-
boiite standards added, and the extract chromatographed on a Dupont
Instruments Model 848 High Pressure Liquid Chromatograph with 4 mm
<« 30 cm u-Bondapak C,, column {Waters Associates) using an isocratic
elution solvent of methanol/water/ethyl ether (66.3 : 30.4 : 3.3, by vol.)
at a flow rate of 1.4 mi;min. The effluent was monitored by UV spectro-
metry to identify metabolites, which were quantitated by collecting appro-
criate fractions of the effluent for liquid scintillation analysis. Six second
fractions were collected for 11—12 min, then 12-s fractions were collected
for 3-'9 min and lastly, 60-s fractions were collected until the completion
of the chromatographic run. Typical retention times in minutes for each
metabolite were: BP-9,10-diol, 3.6; BP-4,5-diol, 5.5; BP-11,12-diol, 5.8,
BP.7,8-diol, 6.3; BP-1,6-quinone, 8.6, BP-11,12-quinone, 9.1; BP-3,6-qui-
none, 9.6; BP-6,12-quinone, 11.0; BP-9-phenol, 16.5; BP-3-phenoi, 19.1;
BP, 37.5. The overall recovery of radioactivity from the column was greater
than 90%. '

RESULTS

[G-’H]BP-protein complexes isolated from the cytoplasm of low and
high passage cells were chromatographed on a Sephadex G-200 column.
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Fig. 1. Sephadex G-200 chromatograpk{y of a {G-H]BP-cytoplasmic protein complex
from low passage cells. The cytoplasmic fraction was prepared from passage 5 HNF
cells treated with (G-’H]BP for 12 h. 50,000 dpm were applied to a Sephadex G-200
column (58 2+ 0.9 cm) and eluted with 0.01 M Na phosphate — 0.3 M Tris—HC! — 2.5
mM Na,EDTA— 5 mM DTT (pH 7.5). 0.5-mi fractions were collected and the radio-
activity was assayed. Blue Dextran — 200,000; Aldolase — 153,000 Bovine Serum
Albumin — 67,000; Hen Egg Albumin — {5,000; Chymotrypsinogen — 25,000; and
Cytochrome ¢ — 12 300 served as molecular weight standards.
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Fig. 2. Sephadex G-200 chromatograpny of a [G-’H]BP-cytoplasmic protein complex
from high passage cells. The cytoplasmic fraction was prepared from passage 25 HNF
cells treated with [G-’H|BP for 12 h. 100,000 dpm were applied to a Sephadex G-200
column (58 1 0.9 cm) and 0.5 mi {ractions were collected as described under Fig. 1.
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In low passage cells, a major portion of BP was associated with a protein
! complex of molecular weight 12,500. The ratio of area under the jow
. molecular weight peak to the hith molecular weight peak was 6.3 (Fig. 1.
' {n high passage cells, a major portion of BP was associated with a protein

complex of molecular wetght 200,000 and the ratio of the area under the
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Fig. 3. HPLC proriles of the ethyl acetate extractable radioactivity {rom the total cyto-
plasmic protein-hyvdrocarbon complexes of iow and high passage cells. Non-radioactive
BP metabolite standards were cochromatographed with the radioactive extract for meta-
holite :dentification. An isocratic elution solvent of methanol. water;ethyt ether (66.3 .
30.4 - 3.3, by vol.) was employed at a flow rate of 1.4 mi/min and {ractions collected
for liquid scintilation spectrometry. (See Material and Methods for details.) Upper
panel. Protile of the organic extract of (G- H]BP-total cytoplasmic protein complex
from high passage human diploid {ibroblasts. A total of 6300 dpm were applied to the
column. Lower panel: profile of the organic extract of [G-"H|BP-cytoplasmic protein
compliex isolated from low passage human diploid fibroblasts. A total of 1000 dpm
were applied to the column. Note the discontinuity in the retention time scale.
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high molecular weight peak to the low molecular weight peak was 1.8
{Fig. 21,

The total cytoplasmic protein complex isolated from low passage human

fibroblast cells exposed to [G->H]BP was extracted with ethyl acetate, and
the non-covalently bound hydrocarbon and its metabolites were cochro-
matographed on a reverse phase column by high-pressure liquid chromato-
graphy with authentic reference standards. In the metabolite profiles of

i
i
4P 0IOLS 8P QUINONES 4P PHENOLS \ 8r —I
910 45 13 16 Je 612 3 3 t
24 - -_ [aniian] — —— ,\ f !

20 T T T . LR SSL AN S S 0 S S S e o -
10 "9 29 12 ¢4 33 &4 O 80 30 ‘00 10 120 ) (40 50 50 12 MO YO V6756 )06 J56 408358

z

< ' '
Iz - i
= i
!
' \
' |

|

18— ,\
Pl
! :
o
oo
3# DIOLS 8P DUINONE - 38 PMENOLS 3F - §

14 — 310 a5 18 6 16 22 3 3 ] )

— = _ = = = —— i

e \

YT T T T
50 '3 13 13 40 50 60 70 40 $0 100110120130 14

0 %0 \5‘0 V7’!1l‘0 |9‘0>:00 2“)4‘-“ T 330l ad ) Ak
RETENTION TIME ~mutes

Fig. 4. HPLC profiles of the ethyl acetate extractable radioactivity from nuclei of low

and high passage human diploid fibroblasts exposed to [G-'H]BP. Non-radioactive BP

metabolite s.andards were cochromatographed with the radioactive extract for meta-

bolite dentification. (See Fig. 3, Materials and Methods for details). Upper panel: profile

of the organic extract from nuclei of high passage ceils. A total of 1.263 « 10° dpm
were applied to the column. Lower panel: Profile of the organic extract from nudclei
of low passage cells. A total of 530,350 dpm were applied tc the column. BP-11,12-
diol and BP-11,12-quinone cochromatographed with BP-4 5-diol and 8P-3.6-quinane,
respectively.
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BP-treated low passage cells (Fig. 3), unmetabolized BP was the only radio-
labeled fraction. Similar results were obtained with BP radicactivity tsolated
from the total cytoplasmic protein complex of high passage cells, except that
a small peak of radioactivity eluted prior to the BP-9, 10-diol (Fig. 3).

The radioactivity associated with isolated nuclei of low and high passage
cells treated with [G-'H]BP was chromatographed as described above ( Fig.
4). The nuclet from high passage cells had radioactivity which co-chromato-
graphed with BP-1, 6, 3,6 and 6,12-quinones and BP-9-phenol; 89% of the
counts were associated with BP; however, the radicactivity isolated from
[G-'H)BP-ireated low passage cells co-chromatographed with BP-9-phenol,
with 90% of the counts eluting with BP. The unknown peaks at 2.4 and
4.5 min represent void volume radioactivity (pre-BP-9,10-diol) and an
unidentified metabolite, respectively. Co-chromatography with BP-11,12.
diol and BP-11,12-quinone indicated that the 4.5 min peak represented
neither of these potential metabolites.

DISCUSSION

When low passage HNF cells are treated with BP, the PNH accumulates
in the cytopiasm, before localizing in the nucleus 24 h after exposure.
Sephadex G-200 gel chromatographic separation of the cytoplasmic protein
complexes frcm low passage and high passage cells indicated the distribution
of BP between protein complexes of molecular weights, 12,500 and
200,000. In low passage cells, the amount of BP associated with the low
molecular weight protein complex wuas 4 -7 times that associated with
the high molecular weight protein complex. However, in high passage cells,
the amount of BP associated with the high molecular weight protein com-
plex was 0.8—1.8 times that associated with the low molecular weight
protein complex. HPLC analysis of the BP radioactivity separated from
the BP-total cytoplasmic protein complex of low passage and high passage
cells indicated that the major fraction was the parent BP. This is in con-
trast to a previous study [10], in which active metabolites of 3'-methyl.
4-dimethyl amino azobenzene were shown to bind to a cytosol protein
complex from rat liver. It was aiso interesting to observe that unmetabolized
[G-’H]BP made up the major fraction of the PNH associated with the nucle:
from low passage and high passage cells. The minor peaks obscrved in the
HPLC metabolite profiles may be a resuit of autoxidation of the sample,
aithough all procedures were performed under red light, argon, and in the
presence of an antioxidant.

We have observed minor differences in the metabolites non-covalently
bound to DNA, in low and high passage cells. Also, as described above.
we have observed binding of BP to different cytoplasmic protein com-
plexes in low and high passage cells. The transport of BP into the nucleus
of these cells may involve an activation of the BP-cytoplasmic protein
complex, simidar to that observed with the steroids. Only binding of BP
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to the lower molecular weight protein complex (the predominant compiex
in low passage ceils) may result in an activation of the complex. Therefore,
the accessability of BP metabolites to specific nuclear binding sites in low
and high passage cells may be different and may account for the suscepti-
bility or refractoriness to BP-induced carcinogenesis of human fibroblast
cells in vitro.
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ESTABLISHMENT OF PROLIFERATING HUMAN EPITHELIAL CELLS
IN VITRO FROM CELL SUSPENSIONS OF NEONATAL FORESKIN

Submitted by

INGEBORG NOYES, GEORGE MILQ, AND CAROL CUNNINGHAM -

Departments of Physiological Chemistry
and Veterinary Pathobiology,
and Comprehensive Cancer Center
1900 Coffey Road
The Ohio State University
Columbus, Ohio 43210

I. INTRODUCTION

The following procedure has been successfully applied to many different human tissues. Tissue
samples are obtained from cooperating hospitals. Using the collection techniques described uere.
we can retain excellent viability from 96 hr up to 5 days (postcollection) depending on the tissue of
choice and source of tissues. The use of this procedure permits the establishment of epithelial cell
cultures from cell suspensions not requiring explant growth or the addition of extrinsic modulat-
ing growth factors. Moreover, epithelial cell colonies can be produced at a low density or high

density directly from the cell suspension.

Key words: primary; epithelial cells; cell suspensions.

II. MATERIALS

Minimum essential medium (MEM) Eagle
with Hanks' salts (HBSS) (GIBCO'} and
25 mm HEPES; without glutamine and
NaHCQ,. To 100 ml of the medium, add 1 ml
non-essential amino-acid mixture {10 mM,
Micro®), 1ml sodium pyruvate (100 mMm
solution’), 0.1 ml Gentocin (50 mg per ml,
Schering’), 1 ml L-glutamine (200 mM"), and
titrate with 8.8% NaHCO, solution (sterile,
carbonate-free) to pH 7.2. Designated com-
plete growth medium (CM).

MEM Eagle without magnesium and cal-
cium' (not supplemented unless mentioned

in Procedure section), for suspension
(spinner) cultures. Designated spinner
medium (SM).

Dulbecco’s LoCal medium, Biolabs. Supple
ment exactly as CM. Designated LoCal.

Trypsin, lyophilized, No. TL 13 BP Wor
thington®* (1% solution made up in MEM
Eagle HBSS medium)

' Grand Island Biological Co., Grand [sland NY.

! Microbiological Associates, Walkersville MD.

' Schering Veterinary Surgical Corp., Kenilworth NJ.
* BioLabs, Inc., Northbrook [L.

' Worthington Biochemical Corp., Fr
* Falcon Products, Oxnard CA.

hold NJ.

Essential vitamin mixture, 100X?

Collagenase (CLS), No. 4197.* Suspend 1 g
collagenase in 100 ml MEM Eagle HBSS,
pH 7.2: dissolve with magnetic stirrer at
4° C; centrifuge 10,000 x g at 12° C for 10
min; and filter through a 0.22-um filter (No.
7103 Falcon®).

Fetal bovine serum (FBS)' [evaluated for
steroid composition (1), unsaturated fatty
acid compeosition (2), mycoplasmal con-
tamination, etc. (3), and growth properties
on indicator cells (4}]

Stirring bars, Teflon-molded, magnetic, %-
inch long, %e-inck diz meter, No. 6006 Bellco*

Culture plates, four wells per plate, 28-cm?,
No. 3004¢ or No. FB-4-TC Linbro®

Scalpeis, disposable. sterile, No. 32 390-0222
AHS™

Tissue culture flasks: 75-cm?, No. 3024* or
No. 53754 or 25-cm?, No. 25100 Corning'

Plastic pipettes, measuring (Mohr), piugged:
5-ml, No. 7532; 10-ml No. 7548¢

Centrifuge tubes, conical, plastic, 15-ml No.
3013-000"

Ethylenediamine tetracetate (EDTA), tetra-
sodium salt?

II1. PROCEDURE

’ No recommendation offered: each user will have to deter
mine which supplier can provide ample volume of useful

sera.

* Bellco Glass, Inc., Vineland NJ.

* Linbro Scientific. Hamden CT.

‘* American Hospital Supply, Obetz OH.
* Cornung Glass Works, Corning NY.

"+ Sigma Chemical Co., St. Louis MO.
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A. Collection of human tissue

1. Supply the operatir g room with several 4-
oz bottles containing 10 ml CM at pH 7.2
supplemented with 5% FBS and 0.1 ml
Gentocin per 100 ml medium. These
bottles may be stored at 12° C for many
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10.

11.
12.

13.

weeks {in our hands, 3 to 4 weeks, depend-
ing on composition of the glass). Lf there
is a drastic change in pH. discard the
bottles. i.e. if the pH rises above 7.2 (color
shilts {romn red to purple) or fulls below
6.8 (color shifts from red to yellow).

. Collect Lissue on the average of 3 or 4

times a week. We have found that when
the tissue is kept in CM plus 5% FBS at
12¢ C, 95% viability is retained up to 48
hr after collection.

Processing of tissue

. Charge each of four wells of a 28-cm’ cul-

ture plate with 3 mi CM.

. Place the tissue from the collection

bottles into the first well, swirling the me-
dium to wash the tissue.

. Transfer the tissue to the second well and

wash.

. In the third well, cut the tissue into three

or four segmencs and wash.

. Transfer segments to the fourth well and

mince with two scalpels into 2-mm pieces.
a. Swirl the medium to rinse the tissue.

b. Suck off the medium with a narrow-
mouth pipette leaving only the minced
tissue.

. Defrost a 5-ml vial of 1% collagenase and

add to the well containing the minced
pieces. Have ready a 75-cm‘ flask con-
taining 15 ml CM supplemented with
20% FBS. Transfer the minced tissue and
collagenase to the preincubated flask,
thereby diluting collagenase t0 0.25%.

. Incubate the tissue at 37° Cin a 4% CO,

environment overnight (16 hr). For a
period of 3 to 7 hr of incubation, use 0.5%
collagenase.

. Transfer the digest into a 15-ml plastic or

glass conical centrifuge tube. (Use plastic
pipette with a 1.5-mm diameter aperture.)

. Centrifuge the sample for 7 minat 650 x g

at4°to12° C.

Resuspend the pellet in 5 to 10 mi CM
supplemented with 20% FBS: recentri-
fuge again as described in step 9.

Repeat step 10.

Preincubate a 75-cm’ flask containing
10 ml CM supplemented with 20% FBS
for 30 to 45 min at 37° C in a 4% CO,
environment.

Suspend the pellet obtained from step 11
in 5 ml CM at 20% FBS. Seed one 75-cm*
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14.

16.

17.

18.

19.

20.

21.
22.

23.

24,

flask or three or four 25-cm’ flasks with

the cell suspension.

Incubate the flasks at 37° Cina 4% CO,
environment.

. Two days later, rinse the primary culture

with CM and refeed with CM supple
mented with 20% FBS.

Three to five days postseeding, check for
epithelial colonies.

Fibroblasts also will be present in these
cultures. Three to five days after seeding,
when epithelial colonies are well es-
tablished, selectively trypsinize the cul-
tures to remove the (fibroblasts.
PRECAUTIONARY NOTE: This step is a
critical procedure and particular atten-
tion musc be paid to it. The epithelial is-
lands should be left relatively
undisturbed.

Decant growth medium from the mix cul-
tures and rinse with 10 mi CM.

At this time, remove from the freezer the
trypsin prepared as a 1% solution in CM
atpH 7.2.

a. Dilute withCM t00.1%.

b. Add 1 ml 0.1% trypsin to the cell
sheet.

c. Incubate at 21° C {room temperature)
for approximately 30 sec.

d. Observe the cell sheet under 10X mag-
nification to determine when fibro-
blasts lift off the substratum. The epi-
thelial patches will remain attached to
the flask.

To stop the action of trypsin, add 10 ml
CM supplemented with 20% FBS and use
this medium to wash the cell sheet to re-
move fibroblasts.

Decant medium and repeat step 20.

Do not attempt to remove all fibroblasts
during this first trypsinization. When the
edges of the epithelial patches begin to re-
tract, immediately stop trypsin action. It
is better to repeat steps 18-20 the next
day than to continue to remove all the
fibroblasts at this time.

Refeed the flasks containing mainly epi-
thelial colonies with CM supplemented
with 10% FBS and 3 ml 100X essential
vitamins per 100 ml medium. The lowered
FBS suppliementation retards the growth
of any remaining fibroblasts while the
vitamin suppiementation encourages epi-
thelial growth.

Repeat trypsinization procedures two to
four times at approximately 3-day inter-
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vals or as necessary to free cultures from
fibroblusts.

C. Subpassaging epithelial cells

1. Place epithelial cells for 2 to 3 days on
LoCal containing additives and supple-
mented with 10% FBS and 3 ml 100X es-
sential vitamins per 100 ml of medium.
Pretreatment with calcium-deficient me-
dium greatly facilitates the lifting off of
the epithelial cells from the substratum
during trypsinization.

. 2. Decant the LoCal medium, rinse the cell

sheet with 10 ml SM containing 0.02%
EDTA, and incubate at 37° C for 3 to 5
min. During this time epithelial cells will
begin to separate along their boundaries
but will continue to remain attached to
the substratum. An increase in refractori-
ness along the outer limits of each cell will
be noticed.

3. Decant the SM and add 1 ml 0.1% trypsin
made up with SM containing 0.02%
EDTA.

4. After a few seconds, stop the trypsiniza-
tion by decanting the SM-EDTA medium
and add CM supplemented with 10% FBS
and 3 ml 100X essential vitamins per
100 ml medium. Transfer the cell suspen-
sion to a 15-ml plastic conical centrifuge
tube.

5. Centrifuge at 650 x g for 7 min; decant
supernate.

6. Resuspend the pellet with CM suppie-
mented with 10% FBS and 3 ml 100X es-
sential vitamins per 100 ml medium, and
seed equally into four 25-cm’ flasks, or
one 75-cm? flask. We use 5 ml of medium
containing the cell suspension. Cells
should be seeded at high density.

7. After 10 min, gently swirl dishes or flasks
to encourage cells to adhere to each other.

8. Return the cultures to the incubator and
do not disturb for 3 to 4 days.

9. After 3 to 4 days, examine the cultures
for growth of epithelial colonies.

1V. DISCUSSION

There are several critical steps in the pro-
cedure that will mean the difference between
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V.

1.

success and failure. During the initial phasc
of collection of Lhe tissue, maku sure Lha the
pathologist or surgeon does not place the
samples into phosphate buffered saline (PBS)
or physiologicai saline, such as Kreb's solu-
tion. The carrier medium defined here will
keep the tissue viable up to 4 or 5 days at a
95% efficiency. Do not use penicillin-strepto-
myecin, nystatin, mycostatin, amphotericin B,
tetracyclines, etc.; they will kill the cells.

All plastic ware, i.e. petri dishes and 75-cm’
flasks, should be kept in a constant environ-
mental room at 72° C at a relative humidity
{R.H.) of 75%. The flasks under these condi-
tions will remain in acceptable condition for
2% years. The single well and multiwell dishes
can be used for up to 6§ months when stored
under these conditions. All pipettes used to
pipette cells should have an aperture of 1.3-
mm diameter. The FBS must be evaluated be-
fore use (1). Collagenase and purified trypsin
prepared specifically for tissue culture ap-
plications should be screened for mycoplasma
(2). Photographs of vertical stratification of
epithelial patches and tables of growth kine-
tics are presented in Milo, Ackerman and
Noyes {4).
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CRUMOTERS. K. Chapmane, (SPON: J. Adler) Dept. of 3ioches. Bech Genys Cohen® end #LlLAA® . LaghenfQldc® (SPOM: shunu Kat

University of <isconain, Madisoa, WI 353706.

The sequence 3 TAATACCACTCACTATAGPuPuPUNA (s common €O
A1 T? lace promntery, To scudy the intyraccion of T7 RNA
polymerase vith this sequencs, seversl Bycaat prosocars have
been consgructed Dy cloning segments of the promocer, clesved
¢ the Hinf 1 site (GACTC) vhich {s present in all lace TV
promocers, into various plassid backgrounds. For scarting
nacertsl, the 116 bp Mps Il«Taq I fragment which spans cthe
promocer ac 14.8% of T7 was cloaed into the Zco RI sice of
2VHSL. Zco RI sices vers regenersted it che ends of chis
iragment by filling in che sticky ends Lefore ligaciow.
Mulciple copies (up to haxaser) of this Eco il fragmenc vere
then zloned. The isolated fragmenc ves cut vith Hinf [ to
vield a 106 bp fragmenc which concsined the right-nand 16 bp
of the promocer. This L06 bp fragwent vas chen cloned {nto
several sices in pBR322. Careful choica of the cloning sites
enables ihe construction of mutang promoters which concain
some, 0ut noc all, of che nacural laeft~hand promoCer bps.
some of theee clones are active in an in vitro T7 transcrip~
tion svstem. Restriction 3apping and preliminary sequeacing
show that it 18 not necessary for the Hinf ! site co de
1atact for the sequence {9 de an active promoler. Moreover,
aetcner the firse 10 nor the last 13 bp alone are suff{cient
for accivity. (Supported by NIH and NSF¥ grants fo R.D.
wells.)

Chan). Univ. of Ky. College of Madicine, Lexiagcom, &Y <038
Previously this laboracory decermined chat the 3 -terminus
of hen oviduct ovalbumin mRNA was hecerogeneocus, Apparcnt 'y
resulting fyom diffarent sites of iaictation of tranecriscion.
ls order to determina vhecher such hetarogeneity vas s common
pRencmencn (n hem oviduct BRNAS, we used 2 simlilar setnod ln
the esaminagion of conalbulin mAMA, the nexC MOSC adunuant =RNA
in the hen oviduct. The sechod iavolves purificacion 3f come
albuain wiKA by hybridisation to Che complemestsry ONA con~
tained 1o the conalbumin plasaid, pCom-i, attached to cellulose
1solacion of 5'-cerminsl, capped T; oligosuclaocides by selecr-
iva binding to snti-a’G-Sepharose, labeling with (32P1nCp an.
RNA ligsse, sepsracion by (wo~dimsasionsl gel slectrophoresis,
and sequancing by convencional RNA saquencing procsdures. This
nethod has the sdvantage of eliminating ambiguities of che
Primed-synthesis~dideoxy methed. On the two dimensional gel, »
number of T, oligomucleocides vere observed. The major oligo-
nucleotide had the sequencs =’ GppplpUpCpApCpApG, vhich would
result from transcription [rom the pucative initisCilon site on
the genome. A second oligonucleotide had the sequence
a’GoppNpNpApG. This s consiscent with Transcription Seglmung
ac che next purine three bases downetresas from the pucative
iniciation site. (Supported by Cranmc # Q20818 from the NIH).

CARCINOGENS AND ANTL-TUMOR SUBSTANCES (213-216)

a3
THE INFLUENCE OF AGE ON THE ACTIVATION AND METABOLISM QF
AFLATOXIN B8] SY LIVER FROM MALE AND FEMALE RATS. Andrew
Jayaraj® and Tom Dillar*. (SPON: W.A. iiddlse). Illinois
Stice Univarsity, Normel, IL 61761

Aflacoxin B3y (AFB(), & chemical pro-carcinogen, is meta=~
bolised by the P&5C 2wono—oxygensse syscem i livar cto its
ulcizace carcinogenic form. The effect of aging on the mets~
Solism of AFB) Dy the livar from 5 to J0~ month old mele aad
femgie Fischer Jé4 racs vas studied. The Amss Salmonella/
B4Crosome test was used to quancify che conversioa of AFB] to

autzgenle ds by liver h from rats of various
iges. The rumber of ravertants produced decreased 40 to 60%
: 12 hs and 17 hs of ige. No ege relaced changs

(a zhe conversiom of AFE] to mutagsnic ompounds by liver
homogenates from femala rats vas observed. Ths formation of
Af3;-0NA aqducts by liver homogenstes from mals rscs also
deccensed with incrsasing age: hovever, nc changs on the for-
nacton of AFB1-ONA adducts vas obmerved with liver homogenaces
{rom femsle racs. The metabolism of AFB] by liver homogenaces
from sale vacs to chloroformsoluble, vacer-soluble , and
ethapol insoiubie metabolites 4leo decreased a8 & functios of
age, while the mecaboliem of AFBy by (emale liver did noc

- shange. The results of chese experimants indicace that che

9 mecavolism and activecion of AFS; by liver {rom asle rats de~

3 cressed 28 2 functiocn of age. This decrmass apyears to irise
{rem changes in the cytochroms P=450 levels in liver.

[; (Supported in part by NIH Graat CA 24856).
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O{FFERENCES (N THE BINDING OF 3-METHYLCHOLANTHRENE AND PHENO-
WRBITAL TO RAT LIVER CYTOSOLIC AND NUCLEAR PROTEIN FRACTIONS.
Arisn “ierney® and Zdward Sresnick. University of Vermont
Gilege of wedicine, Sept. Biochemistry and Vermant Regional
Qecer Conter, Burlington, VT 05405.

e (nducers of cytochrome 1'-450h and 1'-450c, phonobardical
(M) snd Sewcthylcholanthrene (3-MC) raspectively, have been
. Wwlied in ctheir ineeraction with subcellular fractions from
PP, mt liver. Sinding of J-MC to rac liver cyrosol was observed

© wing VEAE A-30 sephsdex chromstography, charcosl dexeran
. Mmlysts, sucrose density gradients and ONA-cellulose chroma-
~s IgrSphY, While no irteraction of B ¢o rat liver cytosal wvas
MWeerved unior comparahlo conditions, Tho binding of 3«MC to
.- liver muciear fractions has also been studlied using ONA-
1. 0lulese chromatogruphy: higher leveis of binding were

I8 the suclear ‘raccions (250-500 fmoles 5-MC per mg
Pteis} compared with cytosolic proteins (2030 fmoles 3-MC
P ag proten). The uptake avi intranuclear <¢istribution
o8 34C sng 73 vere mriediy different after incubation with
f‘h ®Wciey; 30\ of the available 3-MC but only 3% of the
¢ Malladle 73 radicactivicy became sssoctaced with mucliei. Of
<P rdlosctivity, approxisately 508 of the 3-MC radicscti-
P, a8 d3saciated vith the salt resistant nuclear pellet
WEW of the 73 vas associated with the soluble muclesr
7 ORRise. The data suggest that it is unlikely that & cyto-
"~ W8 recopor-acdiatcd rocess roquiring high affiaicy
4 1 involved v Dhenobarbitsl induction of cytochrowe

Wgported by NIH srsme CA 20711

A4

BINDING OF BENZO(A)PYRENE 7D A CYTOPLASMIC LIPOPROTEIN
COMPLEX [N THE HUMAN SKIN 7IBROBLAST CELLS. 2Raman Te:wani®

and Geos?c E. Milo. The Onto State Umversity, Columous,
hio .

Previous work with low passage {(LP) numan necnatai
foreskin (HNF) fibroblast cells has indicated that
benzo(ajpyrens (BP) can induce a carcinogenic event. When
the HNF cells were trested with 3P, the carcinogen was
1nitially bound to & cytoplismic protein complex prier to
transport into the nucleus. I[n the LP cells, BP was noa-
covalently associated with & cytoplasmic protein complex of
moiecular weight 12,500 a3 determined Dy Sephadex G-200
coluan chromatography. When the complex isolsted from LF
c8)ls wis centrifuged on 4 potassium dromide gradiemt (P,
1.006-1.279) at 40,000xg for 24 nrs, the radiolibei was
aistributed between two major lipoprotetn fractions. I[n
excess of 103 of the recoversd radiolabe} was assocrateq with
the low density !fpoprotetn fraction (P, 1.073) and about 25%
of the radiolabel was associated with the hgh density
l1poprotain fraction (P, 1.125). Sinca there was no
stgnificant reduction in the uptake of BP by cells grown in
tipoprotein geficient serum, the lipoprotein cosplex to which
9P was bound was not dsertved from the fetal bovine serve in
which the ceils were grown. Thus, in the transformsole (P
calls, 8P ts associateq with a lipoprotein complex that
functions to transport the carcinogen into the nucleus of
these cells. (Supported 1n part by Afr Force 0ffice of
Sclentific Resesrch F 49620-80-C -0085 and EPA R-8006638-01).

216

{MHIBITORS OF BENZO(A)PYRENE MUTAGENICITY TOWAROS SALMONELLA
TYPHIMURIUM. Payl 0. Sullivan® and Luz M, Calle® (SPON: L.
Packer) Ghio university, NS, .

Antioxidants and several other camoounds, some of which
have been found to innibit carcinoqenicity, were screened for
their effectiveness as innidbitors of benzo(a)pyrene (3P)
mutagenicity towards Salmonella typhimurium TAS8 in the Ames
test. A total of 32 COmpounds were tested. [n the assay,
met - r0lic activation of 8P (8.2 nmoles/Diate) was mediated by
the =7 fraction from s-ngpthoflavone 1nduced rat livers,
Among compounds which are known to inhidit carcinogenicity,
retino), phenothiazine, disulfiram, phenethylisathtiocysnate
and phenylisothiocyanate were the most effective ‘nhiditars
of 8P mutagenicity, acting at equimolar concentrations.
Several othar compounds showed innibition at higher concen-
trations of antioxfdant and the resainder showed little or no
inhidition. 0ose responss curves have been obtained for the
18 most active compounds. No general pattern of tnhmibition
fs obvious frow our studies, innibitors are not draws from any
single clats of compounds. nor does 4 particular compound
necessarily appear to innidit more than one mytagen. Addi-
tiongl studies have deen carried oul on the 1nhibition of ‘he
direct acting mutagens 2-n1trofluorene and benzo(s)pyrene=4,5~
axide. Thase studies ingicate the possible nature of the
ngchentss of tanfdition. (Supported Sy NIH Grant CA-22209)
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TNOUCTION OF NEOPLASIA AFTER [N VITRO EXPOSURE OF MUMAN
EPITHELIAL CELLS TO CARCINOGENS. George Milo, Inge Noyes, John
Donance, and Steven Weisbrode. Depts. of Physiologicail Chemistry,
{eterinary Pathobiology, and Comprenensive Cancer Center, The
Ohio State University, Columbus, Ohio 43210.

These studies demonstrate that known carcinogens can alter
normsi foreskin epithelial cells to the extent that neoplasta can
e evaluated on chick ambryomic skin, (CES), in.yitro. Normal
foreskin epitheial cells seeced on CES dfd nat invace the CES.
Juman nasopharyngeal and chorio~carinoma cells wnen seeded on CES
1nvaded the tissue. Normal epithelial calls grown in Eagles's
modified MEN supplemented with 203 FBS, [CM), were then
transforred to MEM minus aryinine-ylutamine mediul supplemented
with 1.0 U/ml of insylin ang 10% giglyzed FBS, (OM), far 2 nrs.
Within this time period 562 of the cells were radiolabeied with
Si-thymdine, {(S). In a randomly proliferating population
grown on (M over a 24 nr period <1% of the cells in S, were
radiolapeied. Upon transfer of the cells from OM to (M either
s-propiolactone or propane sultone, (7.5 ug/mi), MNNG, (0.4
ug/ml) or aflatoxin By (2.5 ug/ml), were added to the call
palations, or the cel]s were exposed to UV 254nm at 5.0 J/mé
at a fluence of 1.2 J/m¢/sec. After 8 hrs of chemical carcino-
gen trestment or at the corpletion of wxposure of the cell
population to UV, the experimental medium was removed and MEM+20%
FBS addec %0 the cells. Two-J weeks later the cultures were
passaged twice.’hese populacions were seeded onto (ES, or ing
LaCal supplemented 0.33% agar. Transformed cells passaged in
culture exhibited colony forming frequency in soft agar for,

AfB) was 41, MNNG was 32, PrS was S8, 6P1 was 23 and for WV was
106 per 10° cells. Tumors that invaded CES were interpreted as
similated squamous cell carcinomas. [nduction of carcinogenesis
in human epitheiial cells is similar to the induction process in
fibrablasts, however, the program leading up to the induction
process and time in culture for fixation and expression of
reoplasia, is different. (This work was supported in part by
NCI-NIH ROV-CA-2507).
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A SUITABLE RAPID IN VITRO ORGAN CULTURE SYSTEM TD EVALUATE
NEQPLASIA EXHIBTED 3Y CARCINOGEN TRANSFORMED AUMAN F1BROBLASTS.
John Donanhce, [nge Noyes, Steven Weisbrode, Dorothy Schusm and
George Milo. Oepts of Physiological Chemistry, Veterinary
Pathaniology and Comprehensive Cancer Center, The Ohio State
University, Columbys, Onio 43210.

Recent expertences with nude mice have taught us that the
mice exnibit wide variations in response 0 injection of
transformed human ceils. Each mouse responds in a different
manner dependent upon the genetic background of the mousa.
Moreover, the length of time necessary to evaiuate the
neoplastic potential of the transformed cells is 56 weeks. The
average lifespan of the nude mouse under darrier conditions is
1-1 1/2 yr creates logistic problems in feed and housing costs.
We have expanded upon a procedure for evaluating the neoplastic
potential of the chemical carcinogen transformad ceils on
Chick-embryontc skin, (CES), in vitro (Noguehi, et al., Sclence
199:980-983, 1978), as a suitable substitute, for the nude
mouse assay system, (Gianovella, et. al., 24:103-113,1979).
Several chemical carcinogens, aflatoxin 81, propane sultone,
a-proprolactone, benzo{a)pyrene, MNNG, or methy] azoxy methamol
acetate were used to induce carcinogenesis in human
fibroblasts, (Mtlo and DiPacle Nature, 275, 130-132, 1978).
Treatment of the cells in S with the carcinogens followed by
serially passaging the cells in cuiture for 16-20 POL produced
cell populations that grow in soft agar. These colonies were
isolated and seeded onto CES; three days later the CES were
fixed in Bouins, stained and evaluated. There was a 1003
correlation between tusor formation in the nude mouse and
tnvasion of the CES. Histopathological examination of the
microtumors revealed that they were simulated fibrosarcomass.
The cells from the untreated controls did not invade the “ES.
(This work was supported in part by AFSOR £ 49620-80-C0085).
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SUMMARY

Human foreskin fibroblasts transformed by representative chemicals from 35
different classes of chemical carcinogens some requiring enzymatic activation and direct
acting carcinogens, produced cell populations that exhibited anchorage-independent
growth and expression of neoplastic potential in either nude mice or chick-embryonic
skin, (CES). There is a high degree of correlation between tumor incidence and
invasiveness of CES. The unique feature of the CES is the rapidity of expression of
cellular neoplasia and interpretation of the simulated tumor in 4 days as a simulated
fibrosarcoma. This system represents a system that can be used to evaluate human

carcinogens in vitro ir 6-10 weeks.

L




INTRODUCTION

Recently, we reported on the transformation of human cells to a stage of
anchorage independent growth (1) and neoplasia, (2). Neoplasia was evaluated in nude
mice. The route of administration was by two different routes; one by injection of
transformed cells subcutaneously into the subelavicle region, (1); seeond, by injection of a
"bolus" of cells intracranially, (3). In the case of the subcutaneous route of injection 4
1/2-6 weeks must elapsed before we could label the take as positive. Unequivocal,
identification of the tumor was accomplished following excision of the tumor followed by

histopathological examination requiring an additional extended period of time.

Treated cells injected intracranially into the frontal parietal sinus of the mouse
killed the mice within 30-45 days. This has been described as "mouse lethality,” (3). The
procedure described here presents data on an in vitro procedure that can rapidly assay
for neoplasia within 3 days therefore eliminating the requirement of waiting 1-1 1/2 years

until the sham intracranial or subcutaneous injected control mice die of natural causes.




S
MATERIALS AND METHODS

Cell Culture:

Primary fibroblast cultures of foreskin tissue were prepared in the following
manner: Human foreskin tissue was minced into 2mm segments in Minimum Essential
Medium - Hanks' balanced salt medium (MEM-HBSS) cbntaining 25mm Hepes buffer at
pH 7.2. The tissue was rinsed three times in this medium and the tissue fragments
transferred to 20 ml of MEM-HBSS supplemented with 20% FBS (Sterile Systems, Logan
Utah) ,CM. and containing 0.1% collogenase (115 U per mg 4197 CLS Worthington
Biochemical Corp.; Freehold, New Jersey). After dispersion of the tissue at 37° in a 4%
COg-enriched air atmosphere for 6-8hrs, the cells were recovered by centrifugation at
650xg for 7 minutes at 120C. The cell pellet was washed twice with CM and the {inal
cell suspension seeded into a 75 em2 flask. The cell populations was allowed to attach

for 72 hrs and refed once.
On day 5 following seeding the fibroblasts were selectively detached with 0.1%
trypsin, (4). The fibroblast were then seeded into CM and prepared for treatment with

careinogen.

Suspension of Chemical Careinogen and Insulin

The treatment process requires that the carcinogens be solvated in a prescribed
manner to be effective in the treatment regimen. The carcinogens either aflatoxin By,
AB-propiolactone methylazoxymethanol acetate, benzo pyrene diol epoxide [ (anti) or
tetrahydrodimethylbenzanthracene, (AfB], B-Pl, MAMA, B(a)P, BPDEI or THDMB3A

respectively) were solvated in Spectrar acetone under red light or gold uncer
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argon. These stock solutions were made up fresh for each experiment. The working
solutions at effective cytotoxic doses of 0, 25 or 50 percent were prepared from the
stoek solutions m complete growth medium, (CM). These solutions were added

immediately to the cells as previously described, (1,2).

Transformaton Protocol

Fibroblast cell populations blocked in Gl released from the block and tr. ited with
the carcinogen in S phase of the cell eycle, (2,5) were then serially subpassaged for 16-20

population doublings (PDL) before passage through soft-agar.

‘ All the carcinogens used in these experiments were added to the cell populations
' in

when the cells were Lgarly S. The treated populations were exposed to the carcinogens
for a few minutes (30 minutes) such as for BPDE (I) with a brief half-life or up to 12

hours for carcinogens with a long half-life, (B(a)P).

Treatment was terminated when the experimental medium was removed and the
population immediately passaged at a L:2 split ratio into CM containing additional growth
supplements of 2x vitamins, 8x nonessential amino acids and 20% FBS. The treated and
untreated cultures at 80-90% saturation density were passaged at 1:10 split ratio into the
enriched growth medium for 20 PDL.




Growth in Soft Agar

The carcinogen treated and untreated populations at PDL 20 were seeded at 50,000
cells/25¢em2 area in 2ml of 0.33% soft agar prepared in Dulbecco's Lo Cal medium
(Biolabs Northbrook, ML) (6,7). The cultures were incubated in a 4% carbon dioxide
enriched air atmosphere and refed every 3~5 days. The incidence of colony formation
was determined and after 3 weeks the colonies were removed and seeded into 75 em?

flasks containing CM.

These populations were then prepared for either nude mice injection or seeding on

chick embryonic skins (CES) in vitro.

Evaluation of Neoplasia

The treated populations that exhibited anchorage independent growth were
evaluated in 6 week old nude mice, (Sprague-Dawley, Madison, WI). The untreated cell
populations would not passage through soft agar; therefore, companion untreated
cultures that had not passaged through soft agar were evaluated in the nude mice (8) and
on CES. The mice were irradiated with 450 RAD (from a 137 Cs source) 48 hrs prior to
subeutaneous injection of 5x106 treated or control ceil populations, (6). After 6 weeks
the tumors were counted and the inciden;:e of tumor formation recorded. The lack of
tumor formation in injected mice was not recorded until the mice died (1-1 1/2 years).

These same treated and untreated cell populations were seeded onto CES, in vitro.

4
The CES organ cuitures were modified in the following manner to optimize the frequency\

of success for a rapid evaluation of cellular neoplasia, (9). We (10) have
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successfully applied this technique to evaluation of carcinogen induced epithelial cell
neoplasia. Growth of the treated epithelial cells into the CES simulated squamous cell

carcinomas.

Fertile eggs were incuba-ted 9 to 10 days in a humidified egg incubator, (Humidair
Incubator Co., New Madison, Ohio). The embryos were removed and the skin removed
from the embryo. These pieces of skin were then placed on agar bases containing 10
parts of 1% agar (Bacto-agar) in Earle's balanced salt solution without bicarbonate. This
preparation also contained 4 parts FBS and 4 parts chick embryo extract, (9). The
enriched agar base was poured over a steel grid implanted into the agar base. A 6-8 mm
diameter section of skin was layered onto the base dermis-side up. A sterile glass ring 2
mm in thickness - 8 mm in diameter was laid over the skin. Populations from untreated
and treated cell populations, containing 109 cells were suspended in 0.025 ml of CM+20%
FBS and seeded into the rings. The dishes were then incubated in a 4% CO2 humidified
enriched air atmosphere at 379C. On day 2 an additional 0.015 ml of CM 20% FBS was
added to the rings. On day 4 the system was fixed in Bouin's solution, embedded in

parafin stained with hematoxylin and eosin and evaluated by light microscopy.




Results

There is variation in cytotoxic response of treated fibroblast to treatment when
the fibroblasts are obtained from different donors. The values reported in Table 1 for
E.D.50 values are Mean values for 8 different wells. These concentrations were used as
a carcinogenic dose for treatment of the populations in S. The compounds BPDE(I), F-
propiolactone and MAMA have a relative brief half life and were left on the cells in S for
30 minutes for BPDE(I) or 3 hr for B-PL or MAMA. The chemicals, either Aflatoxin Bj or
THDMBA were left on the cells for 12 hrs.

These cell populations treated in S were serially passaged for 16 PDL prior to
seeding the populations into soft agar, Table 1. All of the populations treated with each

carcinogen exhibited colony formation when seeded into soft agar.

Once the protocol for transformation has been completed and abnormal colonies
identified the cells were serially passaged. These cultures were continually passaged for
another 16 PDL. At that time the populations were seeded into soft agar. We have
observed formation from 10-900 colonies -10~5 cells, (Table 1) dependent upon the
carcinogen treatment. Aflatoxin By transformed cells produced 10 colonies per 105
treated cells seeded in soft agar while methylazoxy methanol acetate treated cells
produ;:ed 900 ceils per 105 treated cells. These colonies were removed, pooled and
reseeded in culture. After 10 PDL )leoﬁ cells were injected subcutaneously into nude
mice. Tumor takes were counted 4 weeks later. In three out of five transformed cel
populations exhibiting anchorage independent growth in soft‘ agar, formed tumors in nude
mice, (Table 1). Tumor incidence ranges from 2 mice giving rise to undifferentiated
mesenchymal tumors following the reception of 5x106 methyl azoxy methanol acetate

per 168 receiving the inoculum) to 8/14 receiving the aflatoxin treated cells. The nude
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mice receiving treated cells were not scored as negative until 1 year later. The nude
mice under our environmental conditions lived for 1-1% years. The same untreated (Fig.
1-A and Treated (Fig. 1-B), populations that were injected into the nude mice were
seeded on the CES (Fig. 1 A & B). Five micron thick hematoxylin and eosin stained
sections were examined, (Fig. 1~B). The transformed cells penetruted into the layers of
the CES, in many cases complete interruption of 8-10 layers of chick cells were
observed. The presence of mitotic figures in the invading transformed cell populations
was observed. Tumors simulated fibrosarcomas. The invasiveness of these proliferating
transformed human fibroblast populations implies malignancy but are not to be compared
to metases, (Fig. 1-B). We want to imply that these chemical carcinogen transformed
cells contain the ability to form localized growth (tumors) on CES. We want to state
also that there is a strong correlation between the tumor incidence in nude mice, growth
in soft agar and microtumor formation in CES. Untreated cell populations seeded onto
CES did not penetrate the upper layer of CES, (Fig. 1~A). Moreover, transformed human
nasopharyngeal and testicular carcinoma cells formed localized tumors in nude mice and
invaded CES. The chemically transformed populations from all 5§ carcinogen treated

populations (Table 1) were designated as fibrosarcomas.

These colonies were removed from the soft~agar and reseeded in culture. After 10
PDL 5x106 cells were injected subcutaneously into nude mice. Tumor takes were
counted 4 weeks later. In three out of the 5 transformed cell populations exhibiting
anchorage independent growth in soft agar formed tumors in nude mice. The nude mice
receiving treated cells were not scored as negative until 1‘ year later. The nude mice

under our environmental conditions live for 11 1/2 years. Both treated and untreated
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populations were also sceded onto CES and 3 days later the skin explants were removed,
fixed, embedded in parafin, stained with hematoxylin and eosin, sectioned into 5 M thick

sections and examined by a histopathologist, (Fig. I~B).

On all of the untreated CES organ explants the normal untreated foreskin
fibroblast populations did not proliferate, (Fig. 1-B). ;

The transformed cell populations from all the § carcinogen treated populations
invaded the dermal layers of CES in 3 days, (Fig. 1-A). The tumors contained mitotic

figures and were designated as fibrosarcomas.
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DISCUSSION

In recent investigations we have been able to evaluate transformed human cell
populations for their anchorage - independent - growth in a semi-solid medium (1) or for
their tumor potential in nude mice, (2). Moreover, it was interesting to note that in each
case the tumors produced by chemical carcinogen transformed cell populations that
exhibited anchorage-independent - growth characteristics were classified as
undifferentiated mesenchymal tumors (1,2) when evaluated in nude mice while FeSV
transformed cell populations induced tumors were classified as fibromas (11), and physical
carcinogen (U.Vosanm or 137Cs) indueed transformed cell populations (7) were classified
as myxofibromas. These evaluations of neoplasia in the nude mouse took several weeks
to one year, (1,2,6). With CES the evaluations of cellular neoplasia can be completed
within 4 days following seeding of the cells onto the dermis of the CES. We have not
observed invasion of the CES by untreated cell populations. In every CES that receive
human nasopharyngeal carcinoman or testicular carcinoma cells when tested they always
formed tumors in nude mice and invaded the CES. With both negative and positive
control populations we concluded that the CES system can be effectively used in vitro to

evaluate carcinogen induced neoplasia of diploid human cells to a neoplastic stage.

With the current technology to transform human cells in vitro with physical
carcinogens and chemical carcinogens we can now evaluate the neoplastic potential of
these cells on CES in vitro with a high degree of reliability and reproducibility and within
a reasonable period of time from induction to neoplasia of 6~10 weeks instead of 1-1 1/2
years. Recently, we have adapted this assay to evaluating chemically transformed
human epithelial foreskin wpuﬁﬁom, in vitro for evidence of cellular neoplasia. The
system lends itself to a rapid inexpensive assay that has a high correlation with growth

of the treated cells in soft agar and growth of transformed cells in nude mice.
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LEGEND TABLE 1

The selection of these compounds was based upon prior knowledge that they
represent a cross-section of compounds requiring no activation . The compounds
Aflatoxin By, Benzo (a) pyrene diol epoxide-I, were furnished by the NCI chemical
repository L.L.T.R.L; P-propioh;ctone was a generous gift from Dr. Joseph DiPaolo,
DCCP, NCI. Methyl azoxy methanol acetate was a generous gift from Ms. Marilyn
George, Department of Defense, A.F.S.O.R. Wright Patterson Airforce Base
Dayton, Ohio; 1,2,3,4 tetrahydro-7,12 dimethylbenz(a)nthracene was synthesized and
characterized here at 0.S.U. by Dr. Donald Witiak et al®*. This compound is the

reduced A-ring analogue of 7,12 dimethyl benz(a)anthracene, (7,12 DMBA).

These concentrations were selected due to their individual effects on cell
proliferation as measured by alternation in cloning of cell populations at a low cell
density of 1000 cells 25e¢m2, Milo, G., et al In Vitro In Press (1981). The

concentration used here represent 50% cytotoxic doses.

Frequency of colony growth in soft agar is described as the formation of colonies
of 50 cells or more when fifty-thousand cells at 20 PDL were seeded into 2 ml of
0.33% agar supplemented with LoCal and 20% FBS, overiaid over a 2.0% agar base
suplemented with RPMI-1629 and 20% FBS in a 25 em2 well. The colonies were
counted after 28 days. The frequency of growth is expressed as the number of

colonies formed per 105 cells.
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The tumor incidence is expressed as: the numerator value is the number of mice
giving rise to tumors 0.8 - 1.2 em in size at 4-6 weeks after injection of 5x106 cells
per animal subcutaneously and the denominator is the total number of nude mice
injected. All animals used in these experiments were 5-6 weeks of age and
preirradiated with 450 RADS whole body irradiation 24-48 hrs prior to injection.
All animals were housed under cyclic light-dark cycle over a 12-12 hr eyele. The

lighting in the animal room was a GE gold fluorescent light.

The incidence of invasiveness of chick embryonic skin organ (CES) in vitro was
measured on the 4th day, i.e., 3 full days following seeding of the cells on CES.
Treated cell populations that exhibited anchorage - independent -growth and
untreated populations were examined on CES. The incidence of invasiveness is
expressed as: the numerator value is the number of CES positive for the presence
of invading human transformed cells seeded per total number of CES seeded.
These figures represent values for 3-4 replicates. Out of 3 to 4 slides per CES, we

observed that at least 1 out of 3 slides were positive for all populations examined.
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Legend 1.In Fig. 1-A chick embryonic (CES from 9 day old chick embryo) prepared as
described in Materials and Methods section were supplanted onto a 5 ml 1% Bacto-agar
base supplemented with growth factors. One hundred thousand untreated cells were
seeded onto the CES and these organ cultures incubated at 37° for 4 days in a 4% COjy
enriched air environment (x 160). These fibroblasts appeared as necrotic cells on the

dermal surface of the CES.

In Fig. 1-B CES organ cultures prepared as described above received 105 cells of
transformed cells restablished from 0.33% agar layers. After 4 days in a 4% COgy
enriched-air environment they were evaluated. Invasion of the CES by the transformed

cells is illustrated by arrows.
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1 he cuaversion of urinary N-hydroxy arylamines (0 car-
cinngenic clecuophiles under mildly acidic conditioas in
e biadder lgimen has been progowsd as an caential siep
wan kuome-adeced urinary bindder cascinogesesis.
P iest the hypothesis that exiracsiluiar generatios of an
uiliiaie arcinogenic species can initinig 3 neoplastic
ey ent nermal human fibroblasiy were expossd 10 Ny
sy -le amd 2waphibylsnine (N-HO-1-NA and N-
1143:2-NA) at pH S and pH 7. Wilh beth compounds,
anchorage independent growth of transformed cails in
i agar were enhanced 3« 0 Told in tbe pH § incuba-
HTTTI lllj“m ul the NHO-i-NA amd NeHO=l-NA-
iransormed celly into nude mice resulied in umors in
v ¥ and /7 animals, reypectively. In 3 coatrol experi-
went, no Jdifferences in iransformatios of thess csils by
ki 3y were vbsarved between pH § and pH 7 -
itesares. Thus, (he reyuily are coasisiant with the hypo-
thews  that  uiliomie  carcisogenie  clectrophiles,
ceneraied extracullularly ., can enser an intnct cell and in-
duve neoplasin. Allemmativety, the possibiiity of 3 local
uriracelluige acidic caviroument nesr e ceil surface
and iis role in the goneratioa of 3 reactive clectrophile
vl (0 yangry bisdder carcisogenesiy is discused.

\-idydroxy arylamuifls have been postulaed as
didle Qrcinogenic metabolites for the induction of
snnary biadder cancer by aromstic amines aand nitro-
aicues {1 =<). The N<hydroxy derivatives enter the biad-
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uel luinen as urinary N-glucuronide conjugates which
avdivlyze 1o the free N-hydroxy arylamines,
Sannubarly under the nildly acidic conditions normally
round 10 human and canine urines (2). Under the same
v vonditions, the N-hydroxy metabolites may be
cilctnucally converted to reactive electrophiles; and the
wisoquent binding of these urinury electrophiles
witothelial nuelee acids has been proposcd 10 be a
JMicul event in arylamine-induced bladder carcino-
iy 12 =d).
1 evious studices have shown that the /7 viro binding
N-hydroxy-l-naphthylamine  (N-HO-1-NA)®*  or
N-ovdroxy-2-naphthylamine  (N-HO-2-NA) o calf
+onus DNA increases 20-iold as incubation conditions
v« aivred from a neutral (o a slightly acidic pH (2,5,6).
o0 -NA reacted with the DMNA exclusively at the O
caiul Jdcoxyguanosine, while N-HO-2-NA yielded
ity at the N position of deoxyadenosine and at the
s €3 aloms ol dcoxyguanosine (5.6).
- dus mechamism is important in the initiation of
Ly Dladder a@rcinogenesis, then the passage of
Jiese hughly reactive electrophiles from the extracellular
v aonment (¢.3., bladder lumen) inwo e intact larget
i W.g. urothelium) must occur. To test this hypo-
iy, we examined the effect of extracellular pH on the
Ay of N-HO-1-NA and N-HO-2-NA to induce the
raisiormation of normal human neonatal skin (NSF)
aondasts. This system, which has been cxteasively
hacterized (7-11), was selected as an appropriate
aoicl Tor evaluaung ultimate urinary bladder carcino-
ity ainee N-hydroxy arylamines not only induce
<.vnomas when instilied urcthrally into the biadder
canntt (12), but also nduce surcomas at sites of s.¢. or
applicauon (12 = 15; and E.C Miller, F.F.Kadlubar,
Seseriboer, and J.A Miller, unpublished siudics).
Cavoicthods of transtormauon of normal human
~ooolasts have been described in detail elsewhere (7,8).
anary cultures off NFS (ibroblasts (9,10) were grown
" I agles’ minimal csseniial medium with Hank’s
aned salt solution = 25.0 mM HEPES buffer (Grand
inle md Biological Company, Grand [sland, NY), pH
= Z. supplcmented with 1.0 mM sodium pyruvate, 0.1
M nonessential amino  acids  (MA Bioproducts,
ictiada, MD) 2.0 mM glutamine (MA Bioproducts),
+.2"w vodium bicarbonate, 5.0 ug/mi gentamycin, and
e detal bovine serum  (FBS, Rchatuim, Reheis
Clicnueal Company, Phoenix, AZ), hereafier referred
o compiete medium (CM). Cultures were maintained
A 1TC in a 4% CO,, high humidity environment. The

lowere pus}uscd to population doubling (PDL) 5, and -

vt al contluent-density were removed by trypsiniza-
aon (0.1%) and reseeded into 75 omd ussue eulme

Lnisas A 1d snlit patin ie seem chesen ae
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All handling of the test compounds was conducted
aider gold light (G.E. Ultrabright Tubes) or in the
Jdark. As indikcated below, most manipulations were
«irricd out in an inert atmosphere in order to ensure
.oimpound stability. N-HO-1-NA and N-HO-2-NA werc
nhiesized by the method of Willstauer and Kubli (16).
ihe carcinogens were dissolved in acetone (Spectrar
-rude, Mallinckrodt, inc., Paris, KY), under argon, ata
<oneentration of 1.0 mg/ml just prior t0 use. The
. .utment medium consisted of CM minus FBS (pH 7),
i i was adjusied 1o pH 5.0 and pH 7.0 with HCl and
NuOH, respectively, deaerated by aspiration, and
rurged with argon.

e cultures in carly S were washed with the
appropriate trecatment medium (pH 5.0 or 7.0) and the
tlusks were gassed with argon. Just prior to the addition

v the cultures, N-HO-1-NA and N-HO-2-NA were
wided L0 the treatment medium at concentrations of 2.0

=.mi, which was detcrmined 10 be the EDyy (dose
<ticcuive in reducing the cloning efficiency to 50% of
the vcontrol; ref. 8) for these compounds on NFS fibro-
~iasty at both pH § and 7. The comparative viability of
i eddl population was Lthe same for pH 5.0 and 7.0 at
.1 LDy cylotoxic value. The acetone concentration was
i1 2%, the same concentration to which control cultures
ool 5.0 and pH 7.0 were exposed. Once the carcino-
=vhs were added, the medium was immediately added to
ne vultures (15 mi flask), and they were placed at 37°C
‘or 15 min. In separate, |5 min incubations without
«<tls, the recovery (2) of N-HO-1-NA was 97 = 2% at
ot 5.0 and 97 = 4% at pH 7.0; for N-HO-2-NA, the
values were 97 = 3% and 93 & 2%, respectively (n=3).
i vilowing the exposure period, the carcinogens were
-vmoved, the cultures were washed with Cm, and then
aey were ted with 8x medium (CM supplemented with
»\ uoncssential amino acids, 2x vitamings, and 20%
i 885). When the cells rcached ncar contluent density
O 0% the cultures were passaged at |10 split ratios
v on medium untl they reached PDL 20. At this point,
<y were sceded into 0.33% agar and the frequency of
.olony lormation in soft agar was determined (8).
“lunolayer culiures were reestablished from colonies
wimoved lrom the agar, and the cells were subsequently
wjected s.c. into preirradiated nude mice in order to
Jetermine the neoplastic potential of the transformed
s (7,8).

The results of the transformation experiments are
presented in Table [. The studies were done on 2
sepuarate occasions with comparable results. Treatment
wath N-HO-1-NA at pH 5.0 induced colony formation
W solt agar al lrequencics of 6.9 and 3.3 times that
wduced at pH 7.0 in experiments | and 2, respectively.
Salarly,  treaument with N-HO-2-NA at pH 5.0
ndueed colony formation frequencies in soft agar of 4.1
aid 4.0 tines that inednscl at alt 7 A jn aenarimonts |

X e
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In order o determine the wwmorigenic propersties of ]-—r‘
e transformed cells, monolayer cultu were re-
otablished from boluses induced by N-HO-1-NA and
N-1H0-2-NA at pH 5.0 in experiment 2. One of 8 mice
Jdeveloped a wumor following the injection of N-HO-1-
N A transtormed cells, and 2 of 7 mice developed tumors
iiilowing the injection of N-HO-2-NA tranformed
wlis. Tumor development following the injection of
normal ﬁ?ﬂobhsls into the nude mouse has never been
o in our laboratory JAs described previously (7,8,11),
smorphologically transformed cells (65 x 10%) were
anected s.¢. into the interscapular region of § =6 week
«:d nude mice. By 4 weeks, tumors were 0.8-~1.2 cm.
Iucy were then enumerayd and histopathologic studies
ot the masses confirmed them as nsoplastic, undifferen-
haied mesenchymal tumors with varying abnormal
auryotypes (7,8,11)).

As a control for the possible cffects of pH on the
sensitivity of these cells lor transformation, 5 xg/mi of
+ilatoxin 3, was also added to the companion fibroblast
cultures at pH 7.0 and 5.0 as described above. After 20 ,\b

el
(U@

F
"
-—
®

11, the treated cell populations were seeded in 0.33%
wur. The frequencies of colony formauon in each treat- \L

wient atpH 5.0 and 7.0 for 2 -
C3pi8ycolonies/10° cells at pH 5.0 and 9-13
wonies/7 108 cells lor pH 7.0. Morcaver, the growth rate

o the pH 5.0 and 7.0 treated populations was not
appreciably different. These aflatoxin-treated cells in

“wo experiments also formed tumors in nude mice at a
nequengy of 4 or 6 (wmors/7 mice for treated cells at

ol 5.0 and 3 tumors/8 mice at pH 7.0.

Repeated attempts were also made to estimate the
«ovitlent binding of the carcinogenic N-hydroxy aryl-
anunes 1o the DNA of NFS cells after the 15 min
cvposure period  using  [5,0,7,8-HN-HO-2-NA (373
wmCirmmol) or [3-HIN-HO-1-NA (181 mCi/mmol),
vbtained from Dr R.Roth, Midwest Rescarch Institute,
Nansas City, MO. Although the DNA, which was
rolated by hydroxylapatite chromatography (17),
comistently  contained low levels of radioactivity
1200 -600 d.p.m. corresponding 0.3—1.0 naphthyl
sosidues/ 108 nucleotides), these amounts were 100 low
1o permit quantitative comparisons between pH 5.0 and
11 7.0 incubations.

Thus, the results obtained in this swudy clearly
\l\'umklratc that acidic pH substantially increases the A n
ireyueiicy of transtormation of normal cells exposed to
carcinogenic N-hydroxy arylamines. The possibility that
tus s simply duc o the incrcased uptake of the
N-hydroxy compounds at pH § seems unlikely since no
sumilar increase was noted above for aflatoxin By, In
JJdition, when N-HO-1-NA and N-HO-2-NA were
mstilled directly into the urinary bladder in pH S~ and
il 7-buffered solutions, no differences in  their
absorption or entry into the circulation were observed
tin). However, since N-hydroxy arylamincs partially
Jdecumpose 10 clectrophiles under acidic conditions, the

Jdate indicate that these ultimate mno:emc specm
thav enter tho nsaioative snvirannn s of ol
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mirosamines and nitrosamides (19,20), indicate a
anular effect of pH on their S9-dependent mutagenicity
at Salmanelle typhimurium. Although it was suggﬁ:tc_d
tat velly may become sensitized to mutagens at acidic
atl s also likely that metabolically formed electro-
oinles, presumably alkyldiazonium ions, might be
vpeeted to have greater stability at acidic pH and thus
g the baeterial celf and resuit in a mutation. There-
lore. 1L is reasonable to assume that the carcinogenic
N-hvdroxy arylamines and their electrophilic derivatives
.ovined in the biadder lumen or at the cell surface under
achdie conditions, can alter the urothclial cell by
raiction with critical informational macromolecules,
thereby initiating the neoplastic process.
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Table {

Litest of trcatment pH on lony formation in soft agar by
N ony napthylamines

Colony formation®

Licatiiond pH 5.0 pH 7.0 pH 5.0/
pH 7.0
NAHO«1-NA (Exp. #1) 131 &7 19 =3 6.9
(Exp. #2) 30 a3 9 =2 3.3
N 03 -NA (Exp. ¥ 1) 95 = 6 3 x4 4.1
(Lxp. #2) 28 &3 T%3 4.0
Nlatonin By (Exp. #) 32 , 923 1.4
(Exp. #2) 16 = 4 13=2 1.2
Cong /] 4] -

lThr oy uswed were 2.0 ug/ml tor N-HQO-1-NA and N-HO-2-NA, and §
v i dor atlatoxin By, Controls (pH 5.0 and pH 7.0) were cxposed 10
+ 2% unetone.

vy o growth in solt agar (0.33%), expressed as the number
S coiomesy per 100,000 cells. Each well received 50,000 treated oells in
2wl ol it agar seeded over a S mi 2% agar base (8.11). For each
Lase ziven, as.d. is expressed and is based on resuits from eight wells

S .
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SUMMARY

The polynuclear aromatic hydrocarbons (PAH) benzo[a] pyrene (BP) and
the A-ring reduced analogue of 7,12-dimethyibenz(a] anthracene (DMBA),
1,2,3,4-tetrahydro-7,12-dimethylbenz{a]anthrucene (TH-DMBA ) are carcino-
genic to human cells. The unsaturated PAH, DMBA exhibits no carcinogenic
activity on human cells as measured by growth in soft agar. The TH-DMBA
and BP treated cells exhibit a colony frequency in soft agar of 84 and 86,

respectively. These anchorage independent cells, when seeded on the chick
embryonic skin (CES) organ cultures, are invasive and form a fibrosarcoma.
It is highly unlikely that TH-DMBA, which does not contain an aromatic
A-ring, can undergo metabolism in human cells in culture to form a bay
region 3,4-dihydrodiol-1,2-epoxide. These results suggest that an alternate
mechanism for the induction of carcinogenesis is appropriate to explain the
absence of bay region diol-epoxide metabolite as the ultimate form of the
carcinogen in TH-DMBA induced carcinogenesis in human diploid cells.

INTRODUCTION

Metabolic conversion of PAH such as BP and DMBA has been shown to
precede an expression of their toxic, mutagenic or carcinogenic activities
[1,2,5,6,17,21]. Our previous studies with BP have indicated that this car-

*Research supported in part by an award from AF F49620-80-C-0085 and EPA
R-806838-1 and by National Cancer Institute grants CA-16058, CA-25445 and CA-
21371.

**To whom request for reprints should be addressed.
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cinogen can induce neoplastic transformation in proliferating human skin
fibroblast cells when added during the S phase of the cell cycle [4, Milo
et al,, unpublished data]. Although DMBA can induce a carcinogenic event
in rodent cells in culture {12], this PAH does not induce such an event in
proliferating human skin fibroblast cells in cuiture (4].

Previous resuits from our laboratory have indicated that BP is taken up
and initially bound to a cytoplasmic lipoprotein complex present in human
skin fibroblast cells before being transported to the nucleus {4,19, Tejwani,
unpublished data}. DMBA, on the other hand, is randomly dispersed
throughout these cells and is not bound to the cytoplasmic lipoprotein
complex [4, Tejwani, unpublished data}. These differences may in part
explain the induction of neoplastic transformation in the normal human skin
fibroblast cells by BP and not by DMBA.

The bay region diol-epoxide of DMBA, the 3,4-dihydrodiol-1,2-epoxide,
has been proposed to be the major metabolite responsible for the mutagenic
and carcinogenic activities of this PAH in rodent cells [3,18]. Consistent
with this proposal, DMBA exhibits mutagenicity in the Ames assay only
in the presence of a microsomai activation system {7].

The observation that the PAH TH-DMBA was mutagenic in the absence or
presence of a microsomal activation system, using 3 strains (TA1537, TA98,
TA100) of Salmonella typhimurium (7], provided impetus to study this
A-ring reduced analogue for carcinogenic activity, using human cells. Since
TH-DMBA cannot be expected to yield a bay region diol-epoxide uniess
it was first oxidized (aromatized) to DMBA, this A-ring reduced analogue
should serve as a useful probe for investigating alternate mechanisms of
transformation.

In our laboratory, we have defined several indices of human fibroblast
cell ransformation in response to a variety of chemical carcinogens. These
include morphological changes, extended life span, growth in culture condi-
tions toxic for untreated normal cells, increase in lectin agglutinability and
alteration in cellular prostaglandin levels {10]. The anchorage-independent
growth of transformed cells in soft agar has been the most consistent and
reliable indicator of tumor production in athymic nude mice and on the
CES organ culture system.

In this report, data are presented on the carcinogenicity of TH-DMBA in
human neonatal foreskin (HNF) fibroblast cells in culture.

MATERIALS AND METHODS

Chemicals

DMBA was purchased from Eastman Chemical Company and BP was
received from the National Cancer Institute Repository. TH-DMBA was
synthesized by a method previously described [7,20]. The hydrocarbon was
purified on a Spherisorb ODS 5 ym column (4.5 mm X 25 cm) using a linear
gradient of 25—100% methanol for 1 h. All solvents were of reagent or
analytical grade.
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Cell cultures and treatment of cells with PAH

Primary HNF cell cuitures were established as described previously [14].
Randomly proliferating cell populations, derived from human foreskin
tissues dispersed with collagenase, were passaged in complete growth
medium (CM) composed of Eagle’s minimum essential medium: 25 mM
Hepes buffer (pH 7.2) supplemented with 1 mM sodium pyruvate, 0.1 mM
-non-essential amino acids, 2 mM glutamine, 50 ug/ml gentocin, 0.2% sodium
bicarbonate and 10% fetal bovine serum (FBS) in a 4% CO,-enriched air
atmosphere at 37°C. HNF cells passaged at a 1 : 4 spiit ratio reached con-
fluency in 4 days.

Preconfluent (70—80%) logarithmically growing HNF cell populations
between population doubling (PDL) 4 to 5 were blocked at the G,/S phase
of the cell cycle by feeding the cultures with non-proliferating Dulbecco’s
modified Eagle's medium supplemented with 50 ug/ml gentocin, 1 mM
sodium pyruvate and 10% dialyzed FBS [8—10]. Twenty four hours after
seeding, when the mitotic index was 0.1% to 0%, the non-proliferating
medium was removed and the cell cultures were re-fed with CM supple-
mented with 0.5 U/ml insulin. Thirty four hours after seeding, the synchron-
ized cell cuitures were treated with 3.2 ug/ml of BP, 1 ug/ml of DMBA or
0.5 ug/mi of TH-DMBA in acetone. Cell cultures to which an equal volurae
of acetone was added served as controls. The carcinogen was allowed to
remain in contact with the cells during the S phase of the cell cycle which
was 8.2 h long [8~10].

Selection of transformed cell populations

Forty eight hours after seeding, the cell cultures were passaged atal : 2
split ratio into CM suppiemented with 2X essential vitamins, 8X non-essential
amino acids and 20% FBS (selection medium). The cell populations were
serially passaged at 1 : 10 split ratio into the selection medium {8—10].
After 16 PDL, the cell populations were seeded into soft agar.

Anchorage independent growth

The treated and control cell populations were trypsinised and seeded at
50,000 cells/25 cm?® well in 2 ml of 0.33% soft agar and Dulbecco’s LoCal
medijum supplemented with 1 mM sodium pyruvate, 0.1 mM non-essential
amino acids, 2 mM glutamine, 50 ug/mil gentocin, 0.2% sodium bicarbonate,
1X essential vitamins, 1X essential amino acids and 20% FBS. The cells were
layered over 5 mi of a 2% agar base prepared in RPMI 1629 medium
supplemented with 1 mM sodium pyruvate, 0.1 mM non-essential amino
acids, 2 mM glutamine, 50 zg/ml gentocin, 0.2% sodium bicarbonate, 1X
essential vitamins, 1X essential amino acids and 20% FBS {8—10}. The
soft agar cultures were incubated at 37°C in a 4% CO.-enriched air atmo-
sphere. Three weeks later, the colonies were removed with a tuberculin
syringe (20 gauge needle) and seeded into the selection medium. After
attachment and sufficient growth, the cell cultures were trypsinized and
re-seeded in order to evenly distribute the cells from the monolayer colonies.
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The cell cultures were passaged once at a 1 : 4 split ratio and then seeded on
the CES to evaluate neopiasia.

Neoplastic transformation

- The cell populations at PDL 36 were seeded on the CES organ cultures
prepared from 9 to 18-day-old fertilized eggs [Milo et al., unpublished data].
The CES were layered onto an agar base containing 10 parts of 1% Agar in
Earle’s balanced salt solution, 4 parts of chick embryo extract and 4 parts of
FBS.

Then, cells (10°) from treated and control cultures were suspended in
0.025 ml CM supplemented with 20% FBS and seeded on the CES. Three
days later, the skins were removed and fixed in Bouin’s solution. Transverse
sections (5 ym) were stained with hematoxylin and eosin and examined for
the presence of invasive features.

RESULTS

Chemical carcinogen induced neoplastic transformation of HNF cells in
culture was carried out by the procedure of Milo and DiPaolo [8,9].
Randomly proliferating low passage cell populations were seeded into
amino acid deficient medium to block them at the G,/S phase of the cell
cycle. The cell populations were released from the block in presence of a
growth promoter. Ten hours later, in the S phase of the cell cycle, the cell
cuitures were treated with BP, DMBA or TH-DMBA. Cell populations
transformed by BP, DMBA or TH-DMBA were serially passaged for 16 PDL

TABLE 1

CHARACTERIZATION OF TRANSFORMED HUMAN FORESKIN FIBROBLAST
CELLS THROUGH ANCHORAGE INDEPENDENT STAGE AND NEOPLASTIC
STAGE OF CARCINOGENESIS

Compound Concentration Evidence of colony Incidence of tumor
(sg/mi)® formation in soft agar® formation in CES®

BP 3.2 86 1/14

DMBA 1 0 N.D.

TH-DMBA 0.5 84 1/1

“The concentration of each of these compounds was appropriately selected from resuits
of previous work [4].

b Four wells (25 cm®/well) were seeded with 50,000 cells/well in 0.33% soft agar supple-
mented with growth medium, over a 2% agar base {8—10}. The values for colony forma-
tion reported here were the number of colonies formed per 10° ceils seeded into soft
agar {8—10]).

“These values reportad here were for 4 CES seeded with 10’ cells/CES and evaluated
3 days later. Normal untreatad cells did not invade the tissue.

98P treated cells were also evaluated for tumor formation in nude mice [4]. The treated
cells were positive and formed tumors.
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and seeded into soft agar to evaluate anchorage independent growth. BP
(32 ug/ml) treated cells exhibited anchorage independent growth with a
frequency of colony formation of 86/10° cells (Table 1). Although DMBA
(1 ug/ml) did not transform HNTF cells in culture as measured by anchorage
independent growth, cells transformed by TH-DMBA (0.5 ug/ml) grew to
spherical colonies 10—12 days after seeding on soft agar (Fig. 1), with a
frequency of colony formation of 84/10° cells (Table 1).

The BP and TH-DMBA treated cell populations exhibiting anchorage inde-
pendent growth were seeded onto the CES to evaluate neoplasia. These
transformed cell populations were invasive on the CES and produced fibro-
sarcomas (Fig. 2). The tumors were designated as fibrosarcomas because of
the presence of mitotic figures in the tumor tissue.

Following growth in soft agar and re-seeding into monoclayer cultures,
BP treated cells were also evaluated for neopiasia in nude mice. Six-week-old
mice received 5 X 10° ceils subcutaneously. Four weeks later, the tumors
were excised and submitted to histopathology for evaluation. The tumors
produced were identified as fibrosarcomas.
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Fig. 1. Randomly proliferating HNF cell populations blocked in the G, phase of the cell
cycle were released from the block and subsequently trested with TH-DMBA. The cell
populations were serially passaged for 16 PDL and seeded at 50,000 celis/25 cm? well
into soft agar as described under Materials and Methods. The soft agar cuitures were
incubated at 37°C in a 4% CO,-enriched air atmosphers for 3 weeks. Each coloay con-
tained 50—300 cells, 14 days following seeding into soft agar.
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Fig. 2. The BP or TH-DMBA treated cell populations exhibiting anchorage independent
growth were removed and seriaily passaged. Then, 10* cells suspended in 0,025 mi CM
supplemented with 20% FBS were seeded on the CES [Milo et al., unpublished data}.
Three days later, the CES were fixed in Bouin's solution, stained with hematoxylin and
eosin and microscopically examined, (A) represents normal untreated fibroblast cells
seeded on the CES at 160x magnification. (B) represents TH-DMRA treated cell popula-
tions growing on the CES at 160% magnification.
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DISCUSSION

The PAH TH-DMBA was mutagenic in the Ames assay both with and
without metabolic activation in 3 strains of S. typhimurium {7]. In fact,
this A.ring reduced analogue was more mutagenic in the absence of micro-
somal activation using the plasmid deficient strain TA1537 [7]). TA1538 and
the missense tester strain TA1535, which are relatively insensitive to DMBA
mutagenesis were not mutated by TH-DMBA (7]. Nonetheless, DMBA
required metabolic activation by addition of the S9 microsomal fraction in
order to elicit mutagenicity in strains TA1537, TA98 and TA100 (7],
whereas TH-DMBA required no such metabolic activation. TH-DMBA, in the
absence of the S9 fraction had mutagenic properties similar to metabolically
activated DMBA. This is a marked departure from other PAH which require
an activating system or chemical modification to a reactive species to effect
mutagenesis in the Ames assay. Thus, even 3,4-dihydrodiol-7-methylbenz{a]-
anthracene was non-mutagenic in the strain TA98, when cofactors required
for the microsomal activation system were omitted [11].

Previous results have indicated that when HNF cells are treated with BP, a
major portion of the PAH is bound to a cytoplasmic lipoprotein complex
and is subsequently transported to the nucleus as the parent compound
[4,19, Tejwani, unpublished data]. HPLC analysis of the BP metabolites
covalently bound to DNA has indicated a low level of BP metabolism taking
place in these cells, with the formation of a small amount of the BP-7,8-diol-
9,10-epoxide-I-deoxyguanosine adduct [Tejwani, unpublished data]. In the
present study, BP also induced neoplastic transformation in the HNF cells
and the treated cell populations exhibited anchorage independent growth
with a frequency of colony formation of 86/10° cells seeded in soft agar.
These transformed cell populations were invasive on the CES and produced
a fibrosarcoma.

Although DMBA did not transform HNF cells in culture as measured by
anchorage independent growth, it was interesting to observe that TH-DMBA,
the analogue of DMBA compiletely reduced in the bay region, could induce
neoplastic transformation in these cells and was as potent as BP, at 1/6 the
dose of BP used. This pronounced activity of TH-DMBA is similar to what
would be expected in our system if we were assessing an uitimate carcinogen.

Previous reports have indicated that 1,2,3,4-tetrahydro-7-methylbenz{a] -
anthracene,a 12-desmethyl analogue of TH-DMBA, is non-carcinogenic {16].
It is known that the 12-methyl function in DMBA provides sufficient steric
interaction with the C, -carbon—hydrogen of the A-ring to stabilize a ketone
function at position 5 owing to decreased planarity of the tetracyclic system
[13,14]). In TH-DMBA the C,;—C, interaction freezes the ring A in a haif-
chair conformation with C, slightly and C, markedly out of plane with the
aromatic anthracene system. The speculative A-ring triol of DMBA, possibly
arising by reaction of DNA or other macromolecular nucleophile with the
proposed bay region 3,4-dihydrodiol-1,2-epoxide, is expected to have a
similar conformation.
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These observations question the necessity for metabolic activation in the
case of TH-DMBA as a prerequisite to macromolecular binding and sub-
sequent transformation in human cells. Work is in progress employing radio-
labeled TH-DMBA to further assess this phenomenon.
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